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Abstract
A comprehensive bibliographic study on foodborne outbreaks in the
western world, on the main food safety problems in the food industry,
and on the implementation of Hygienic Design in the food industry
has been carried out.
An alarming scenery appears: foodborne infections cause several mil-
lions cases of human illness and many thousands deaths annually in
the western world. On the other hand the most part of the reported
cases of foodborne outbreaks are attributable to poor handling at the
home or at retail food establishments rather than failures at the food
processing level. The study shows that the lack of hygienic design of
equipment is probably the most important food safety problem in the
shelf-stable food industry. Shelf-stable foods are not high-risk foods,
anyhow they can be the cause of botulism outbreaks, really not so
rare public health emergencies.
Unfortunately Hygienic Design is an unfamiliar issue and the aware-
ness of the food industry about the importance of this topic is quite
low. Thermal processing is one of the most important operations in
food processing but, also for this equipment typology, the manufac-
turers are far from a really scientific approach to the design, which
obviously includes also the Hygienic Design. Moreover, from the aca-
demic point of view, a few articles on this topic are available in the
literature and are mostly related to CFD simulation of cleaning pro-
cesses. The most part of available documents are from the organiza-
tion European Hygienic Engineering and Design Group, a consortium
of equipment manufacturers, food industries, research institutes and
public health authorities, working since 1989.
A huge lack of knowledge and research on the above said topics has
been found and so a whole approach for the assurance of the Food
Hygiene has been developed in this PhD thesis. The case of aseptic
processing and packaging systems has been handled. Several proce-
dures, tools and methods have been developed. Firstly it is necessary
to have regard to the in force regulations (not so obvious), and the
use of available standards and guidelines should be expected.
 A check list for the evaluation of compliance of aseptic processing
and packaging systems to the European and US regulations, the
European and international standards and the European and
international guidelines has been developed.
Secondly a scientific knowledge about the physical phenomena in-
volved in the process should be desirable.
 A method (software + measuring cell) for the determination of
the most important physical property of foods (thermal diffusiv-
ity) involved in heat treatment has been developed.
 A procedure (simple software also developed) for the correct de-
sign and setting of the flow diversion device, a critical point of
aseptic processing and packaging systems, has been developed.
Thirdly the opportunity to perform validation procedure should be
always taken into account.
 Amethod for the validation of aseptic packing machines has been
developed.
The created instruments have been tested on real equipments and
products. A good survey on the implementation of Hygienic Design in
the Italian food industry is the result of the wide use of the check-list.
In some cases the developed approach allowed to solve food hygiene
problems.
Since there is the need, not only for scientific research, but also for
dissemination and training, the Italian Section of the EHEDG has
been set up in Parma, which is, at the present time, also the site of
the European Food Safety Authority. Several companies have been
involved and the activities of the section are increasing and spreading.
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Chapter 1
Justification
THERE is a continuing increase in the involvement of regulatory and advisorybodies in the area of food process hygiene. There are many reasons for
this, as in the case of well known incidents such as BSE and Foot and Mouth
outbreaks in Europe (Cocker, 2003). On the contrary, consumers have the right
to expect the food they eat to be safe and suitable for consumption: foodborne
illness and foodborne injury are at best unpleasant; at worst, they can be fatal
(CodexAlimentarius, 2003). There are also other consequences: according to
statistical data in 1996 in the USA, additional costs of more than 30 Trillion US$
were attributed to recall campaigns caused by contamination of food (Stouzby
et al., 1996).
The above quoted CAC statement (Codex Alimentarius Commission) intro-
duces two important concepts, Safety and Suitability, as prerequisites for foods.
How do we achieve safety and suitability? The answer in the European Reg-
ulation EC/852/2004 is Food Hygiene, defined as the measures and conditions
necessary to control hazards and to ensure fitness for human consumption of a
foodstuff ((Anon, 2004)). Food Hygiene is a very wide goal for the food industry
which includes hygienic design and engineering of equipment, integration of com-
ponents, hygienic engineering of installation and facilities, maintenance, services
and others.
Thermal processing is one of the most important operations in food processing
(Balsa-Canto et al., 2002). Aseptic processing is of considerable interest as it
involves continuous sterilization and packaging of food products of high quality
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(mainly low-acid foodstuffs) (Sandeep et al., 1999). It is used to sterilize a wide
range of liquid foods, including milk, cream, yoghurt, wine, salad dressing, egg
and ice cream mix and it can be also used to process foods which contain small
discrete particles (Fellows, 2000). In order to completely understand and correctly
design an Aseptic System, one needs to take into account many issues, including
fluid flow, heat transfer, monitoring, microbiological aspects, transient states and
others, in addition to general requirements for Food Hygiene mentioned above.
Figure 1.1: Simplified diagram of an Aseptic Processing and Packaging System
To assist in the discussion of aseptic processing some definitions are necessary:
Aseptic means commercially sterile. Aseptic processing and packaging means the
processing and packaging of a commercially sterile product into sterilized con-
tainers followed by hermetic sealing with a sterilized closure in a manner which
prevents viable microbiological recontamination of the sterile product. Commer-
cial sterility means the absence of micro-organisms capable of growing in the food
at normal non-refrigerated conditions at which the food is likely to be held during
manufacture, distribution and storage. (CodexAlimentarius, 1993)
A basic diagram of an Aseptic System is shown in Fig. 1.1. Raw or unpro-
cessed product is heated, sterilized by holding at high temperature for a prede-
termined amount of time, then cooled and delivered to a packaging unit. Com-
2
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mercial sterility is maintained throughout the system, from product heating to
the discharge of hermetically sealed containers (Stevenson & Chandarana, 1999).
1.1 Food Hygiene - Regulatory Context
1.1.1 EU and USA Regulation
Hygiene regulation in EU is made up of a set of vertical regulations, each cov-
ering a restricted range of foodstuffs, in great measure adopted by September
1992. An horizontal directive (93/43/EEC) providing general hygiene rules has
been adopted by June 1993. This directive has been replaced by the Regulation
EC/852/2004 in force by April 2004, followed by Regulation EC/853/2004 laying
down specific hygiene rules for food of animal origin. Regulation EC/1935/2004
on materials and articles intended to come into contact with food has also to
be kept into account (other regulations and directives are available for specific
materials). Finally the Regulation EC/178/2002 has to be considered because it
lays down the general principles and requirements of food law.
The Directive 2006/42/EC Of The European Parliament And Of The Council
of 17 May 2006 on machinery (the new version of the Directive 98/37/EC, well
know mainly for the safety of workers) is a reference directive for the mechanical
industry. Unluckily food equipment manufacturers often forget to consider the
section 2.1 of the Annex I of the directive, laying down essential health and safety
requirements relating to the the design and construction of foodstuffs machinery
and machinery for cosmetics or pharmaceutical products (also safety and health
of the final consumer).
The US health authority responsible for regulating food and many other prod-
uct is The Food and Drug Administration (FDA), agency of the United States
Department of Health and Human Services. Regulations on food and drug are
collected in the title 21 of Code of Federal Regulations.
Regulation EC/852/2004 (Anon, 2004) encourages to have regard to the Rec-
ommended International Code of Practice, General Principles of Food Hygiene
of the Codex Alimentarius. On the US side the Food and Drug Administration
also participates to Food Hygiene Committee of the Codex Alimentarius. Much
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of the new legislation is then based on the internationally developed FAO/WHO
Codex.
As observed by Cocker (2003) Europe and USA may also have a significant
influence beyond their geographical boundaries jurisdiction because they have
highly developed legislation in the area of food safety. In the case of the EU,
for example, some neighbours such as Switzerland implement adaptations of EU
legislation to ensure they can trade freely with the EU. Then the Codex Alimen-
tarius is actually a benchmark for good practice for hygiene in the whole world, to
such an extent that it is sometimes written as International Regulation (Cocker,
2003).
1.1.2 From Regulation to Standards and Guidelines
Article 3 of the Regulation EC/852/2004 asserts that Food business operators
shall ensure that all stages of production, processing and distribution of food
under their control satisfy the relevant hygiene requirements laid down in this
Regulation (Anon, 2004). In addition the Chapter V of Annex II of the Reg-
ulation asserts that All articles, fittings and equipment with which food comes
into contact are to be effectively cleaned and, where necessary, disinfected (Anon,
2004).
Moreover the Directive 2006/42/EC of the European Parliament and of the
Council (EU Machinery Directive) asserts that the food machinery must be so de-
signed and constructed that these materials can be clean before each use and that
All surfaces in contact with the foodstuffs must be easily cleaned and disinfected
(Anon, 2006a) On the US side, section 110.40(a) of Code of Federal Regulation
asserts that All plants equipment and utensils shall be so designed and of such
material and workmanship as to be adequately cleanable (Anon, 1998). These
all are very general requirements. Nevertheless compliance achievement would
require a great effort to equipments suppliers in developing a lot of suitable de-
sign solutions. For this reason, a comprehensive compliance is very unusual and
at least very difficult, for example about cleanability.
Regulation EC/852/2004 (Anon, 2004) encourages the development of na-
tional guides and Community guides to good practice for hygiene. Moreover
4
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in order to support compliance to the EU Machinery Directive (Anon, 2006a),
the European Commission has committed to the European Committee for Stan-
dardization (CEN) the development of the standard EN1672-2: Food Processing
Machinery Basic Concepts Hygiene Requirements, followed by a set of vertical
standards on specific machineries. Similar standards are the EN-ISO-14159 (see
also Murray (2006)) e the 2nd Fair-Flow Europe Technical Manual (Holah). Sev-
eral organizations in the world have developed design criteria and guidelines on
equipment, building and processing. In Europe, the European Hygienic Design
Group (EHEDG), have also developed equipment performance test to validate
compliance with the design criteria. Compliance to regulations must be a pre-
requisite for all food manufacturers and for all foodstuff. Guidelines suggest a
possible solution able to achieve compliance to regulations.
Thanks to the aid given by guidelines and standards, every food company and
food machinery supplier, apart from its size, would be able to assure conformity
to law requirements, without investing a lot of resources in research and devel-
opment. The standardization due to the use of guidelines shouldnt damage com-
mercial competition. Law requirements have to be considered as pre-competitive
requisites which allow to improve the minimum level of Hygiene (as intended
above) in the food industry. Standard and Guidelines are then fundamental in-
struments to achieve Safety and Suitability of food.
1.2 Foodborne outbreaks
Foodborne infections cause an estimated 6.5 million cases of human illness and
9000 deaths annually in the United States (Bennett et al., 1987). About Eu-
rope, for instance in the Netherlands there are an estimated 2 million food-borne
infections every year (Oosterom, 1998). Pathogenic bacteria are the most com-
monly reported agents of foodborne illness, closely followed by viruses (CDC,
2004). Further, most reported cases of foodborne illness are attributable to poor
handling at the home (Evans et al., 2006; Jackson et al., 2007), or at retail
food establishments (Bolton et al., 2008) rather than failures at the food pro-
cessing level (CDC, 2000). It is not possible to determine (with certainty) the
cause of foodborne illness in roughly 50 percent of all foodborne illness cases.
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Moreover, many foodborne illness cases go unreported (ERG, 2004). A sur-
vey carried out on the information source “CAMBRIDGE JOURNALS” (http :
//journals.cambridge.org/action/login) gave the following results: the enquiry
for the keyword “foodborne” returned 362 matches (Table 1.1). Salmonella spp
turns out to be the most reported cause of foodborne outbreaks (e.g. Beatty et al.
(2008), Collard et al. (2007), Currie et al. (2005), Ellis et al. (2000), Espi et al.
(2004), Ethelberg et al. (2007), Fell et al. (2000), Gikas et al. (2007), Gillespie
et al. (2005b), Gupta et al. (2007), Hedberg et al. (2000), Hess et al. (2007),
Kimura et al. (2005), Kirk et al. (2004), Liming & Bhagwat (2004), Lo Fo Wong
et al. (2002), Matsui et al. (2004), Munnoch et al. (2008), Pakalniskiene et al.
(2008), Pontello et al. (2000), Roels et al. (2000a), Ward et al. (2002)), followed
by E. Coli spp (e.g. Espi et al. (2005), Gillespie et al. (2005a), MacDonald et al.
(2004)), campylobacter spp (e.g. Evans et al. (2000), Roels et al. (2000b)), lis-
teria spp (e.g. Collins-Thompson & Slade (1991), Francis & O’Beirne (2005),
Mead et al. (2005), Okutani et al. (2004)), clostridium spp (e.g. Lund (1990))
and bacillus spp (e.g. Lund (1990)). Virus are en emerging problem (Koopmans
& Duizer, 2004): several groups of viruses may infect persons after ingestion and
then are shed via stool. Of these, the norovirus (NoV) (e.g. Doyle et al. (2008),
Fretz et al. (2005), Friedman et al. (2005), Kelly et al. (2008), Sala et al. (2008))
and hepatitis A virus (HAV) (e.g. Pebody et al. (2000)) are currently recognised
as the most important human foodborne pathogens with regard to the number
of outbreaks and people affected in the Western world. Protozoa (mainly Cryp-
tosporidium, Giardia, Cyclospora, and Toxoplasma) are also a matter of concern
(e.g. Dawson (2005), Ferguson et al. (2003))
According to the returned matches, several surveys show that non-typhoidal
salmonellosis and campylobacteriosis are the two most frequently reported food-
borne illnesses in Belgium (Collard et al., 2007); Salmonella is the most commonly
reported cause of foodborne outbreaks (MMWR, 1993) in the USA (see Table 1.2
for more details); in Italy non-typhoidal salmonellosis causes more than 50% of
all foodborne gastroenteritis (ISS, 2008) with an estimated 10000 − 15000 cases
of human illness and 20 deaths annually.
The enquiry for the keyword “foodborne” and “clostridium” returned 44
matches and, among them, 9 matched have been returned for the clostridium
6
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Table 1.1: CAMBRIDGE JOURNALS Search Results
Keywords Returned Matches
Foodborne 362
Foodborne & Salmonella 280
Foodborne & Coli 260
Foodborne & Campylobacter 175
Foodborne & Listeria 48
Foodborne & Clostridium 44
Foodborne & Bacillus 40
Foodborne & Clostridium Botulinum 9
Foodborne & Virus 105
Foodborne & Hepatits A 42
Foodborne & Norovirus 29
Foodborne & Cryptosporidium 40
Table 1.2: Reported Salmonella enteritidis outbreaks in the U.S. (MMWR
(1993))
Keywords Returned Matches
Year Outbreaks Cases Deaths
1985 26 1,166 1
1986 48 1,539 6
1987 53 2,498 15
1988 40 1,010 8
1989 77 2,394 14
1990* 49 1,646 2
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botulinum spp.
1.2.1 Botulism
Botulism is caused by a neurotoxin produced from the anaerobic, spore-forming
bacterium Clostridium botulinum. Botulism in humans is usually caused by toxin
types A, B, and E. Although rare, botulism outbreaks are a public health emer-
gency that require rapid recognition to prevent additional cases and to effectively
treat patients. Because clinicians are the first to treat patients in any type of bo-
tulism outbreak, they must know how to recognize, diagnose, and treat this rare
but potentially lethal disease. (Shapiro et al., 1998). Some reported outbreaks of
foodborne botulism type A and B are shown in Table 1.3
LACFs (Low Acid Canned Foods) are susceptible for the grow of Clostridium
botulinum and their production must comply to the specific part 21 of the CFR
(Code of Federal Regulation). REPFEDs (Refrigerated pasteurized foods with
extended durability) are a matter of concern for botulism, also for the toxin type
E. , since the non-proteolytic Clostridium botulinum (group II) is psychrotrophic
and so it can grow at refrigeration temperature. Although group II spores are
less heat-resistant than group I (proteolytic) spores, they can tolerate the heat
treatments employed in the chilled food industry (Gould, 1999; Hyyti et al., 1999;
Lindstrm et al., 2006; Peck, 1997; Peck & Stringer, 2005).
1.2.2 High-risk foods
The level of risk to public health varies by type of food. Some food products,
such as refrigerated RTE (ready to eat) foods, have a higher risk of being contam-
inated by pathogenic bacteria than others (ERG, 2004). For these product the
effectiveness of the cold chain plays a key role. The shelf life of food is extended by
refrigeration because the metabolic processes of food-associated microorganisms
are slowed by the lowered temperature (Russell, 2002). Kovats et al. (2004) found
out a relationship between environmental temperature and reported Salmonella
infections in 10 European populations. Some studies were carried out in order to
estimate proliferation of human pathogenic and spoilage micro-organisms on sev-
eral products as a function of storage temperature (Jacxsens et al., 2002; Okamura
8
1
.2
F
o
o
d
b
o
rn
e
o
u
tb
re
a
k
s
Table 1.3: Some reported type A and B botulism outbreaks
Year Location Cases Food Toxin Reference
1967 USA 4 of 8 family members - home-canned ”pick-
led” beans
B Koenig et al. (1967)
1989 UK 27 - hazelnut yoghurt B O’Mahony et al. (1990)
1993 Georgia 8 - commercial cheese
sauce
A Townes et al. (1996)
1996 Italy 8 (from 6 to 23 years old) - commercial cream
cheese
A Aureli et al. (2000)
1997 Iran 27 - cheese A Pourshafie et al. (1998)
2000 France 9 - home-canned aspara-
gus
B Abgueguen et al. (2003)
2003 USA 15 - chili dish A Kalluri et al. (2003)
2005 France 1 (74 years old) — — Boyadjiev et al. (2005)
2006 Thailand 209 - bamboo shoots A Kongsaengdao et al. (2006)
2006 Taiwan 5 - fermented food B Tseng et al.
2007 USA 5 - Castleberry’s hot dog
chili sauce
A CDC (2007)
1973− 1998 USA 600 + 1775 infant — — Shapiro et al. (1998)
1980− 2002 Georgia 879 - home-preserved veg-
etables (80%)
— Varma et al. (2004)
1990− 2000 USA 263 - home-canned vegeta-
bles (44%)
— Sobel et al. (2004)
1998− 2003 Georgia 217 - home-canned vegeta-
bles (63%), long term
consequences also re-
ported
— Gottlieb et al. (2007)
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et al., 2007; Soboleva et al., 2001). Unluckily retail display cabinets are critical
points in the cold chain of minimally processed, modified atmosphere packed
(MAP) foods. A survey was performed by Willocx et al. (1994): variations in
residence time of three categories of minimally processed MAP vegetables were
analysed in two local supermarkets using a stimulus-response technique. More
than 50% of the packages (median) were sold in the first day, but the range indi-
cates that some of the packages were sold after the ‘use by’ date. Mean residence
time increases with increasing shelf-life, and for products with a shelf-life of 3
and 4 days, the mean residence time was almost the same in both supermarkets.
Temperature performance of the display cabinets was influenced by both ambient
temperatures and day/night regime. Temperature differences of more than 5◦C
were measured on the decks. Temperature in one place increases towards the end
of the day by 4◦C and towards the end of the week by almost 7◦C. Temperature
monitoring and control based on the thermometer of the cabinets was impossi-
ble. Differences between the actual and read-out temperature of up to 10◦C were
observed. This survey showed the necessity of a close control of temperature
conditions and residence time of minimally processed MAP vegetables in retail
display cabinets. There is a need to improve safety design of foods relying solely
on refrigeration to control pathogens. The preservation hurdles, which can be
applied to such foods, are double heating, irradiation, hydrostatic pressure, mod-
ified atmosphere packaging, low pH, salt, spices, lactate, bacteriocins, protective
cultures and their combination (Rybka-Rodgers, 2001).
1.3 Food safety problems in the food industry
Due to recent so-called food crises in Europe, food quality and food safety have
become a hot topic in the media. Most often the terms food quality and food
safety are interchangeably used. There are substantial differences especially when
talking about the communication of food manufacturers and consumer percep-
tions. Prior to incidents such as the BSE crisis, most consumers simply expected
that each food placed on the market had met these two characteristics. This
was self-evident and there was no necessity to communicate food safety to the
consumer. This situation has changed in the past years, food safety has become
10
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a food quality characteristic. Public authorities are pushing the food and the
feed industry to develop comprehensive quality management systems to improve
food safety, restructure the food inspection system and try to enhance consumer
information to regain consumers trust in food (Rohr et al., 2005). Food safety is
commonly related to three categories of hazards, microbiological, chemical and
physical.
1.3.1 Microbiological hazards
The microbiological safety hazards include pathogenic bacteria, viruses, and par-
asites. Some of the problems that lead to the contamination of food with these
microorganisms at the processor level can be easily remedied with improved em-
ployee training programs and effective hygienic practices. Others are more dif-
ficult to control, such as post-processing contamination with Listeria monocy-
togenes, a pathogen that is ubiquitous in the processing environment. See also
Table 1.4.
 Inefficient hygienic practices among employees. Employee hygiene is paramount
to plant sanitation and is one of the leading causes of food contamination
(Higgins, 2002 as citet by ERG (2004)). One of the challenges that food
processors have to overcome is how to motivate employees to comply with
hygienic practices. Training is one step in the process, but is often not
enough to ensure employee compliance. Companies have adopted several
aids to ensure employee compliance. For example, Atlantas Buckhead Beef
Company requires workers to key in their Social Security Numbers to ac-
tivate the hand sanitizer dispensers on the plant floor. The company then
uses the collected data to impose financial reprisals on employees found to
be deficient in hand-sanitizing practices. Other controls include a sensor-
equipped towel that prevents the cross-contamination that can occur with
hand cranks. These units also count the number of towels dispensed. A
signal dispenser that beeps when users have washed their hands sufficiently
is also available to ensure adequate hand-washing time.
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 Language barriers. Current training programs, even those that include
Spanish signage and instructional manuals, can be inadequate if the first
language of plant employees is one other than English or Spanish. Even
Spanish training materials can be problematic due to dialectical differences
in translations. Some industry experts therefore recommend a picture-and-
symbol approach to training to overcome language barriers (Higgins, 2002
as citet by ERG (2004)).
 Ineffective training of employees. Although effective training is crucial to
ensuring that sanitation standards are met, it is not clear that current train-
ing methods are sufficient. In the third Annual Best Manufacturing Prac-
tices Survey conducted by the Food Engineering magazine in 2002, a panel
of food manufacturing professionals rated employee training as the lowest
among all food safety measures in terms of effectiveness (Gregerson, 2002 as
citet by ERG (2004)). Employee training that companies conduct may be
too generic. For example, external consultants may not be familiar enough
with a plants operations and requirements to give effective advice. Other
impediments to effective training might include training the wrong people,
not training enough people, or not providing enough training (Blackburn
and McClure, 2002 as citet by ERG (2004)).
 Biofilms. Biofilms occur when bacteria form a slime layer upon a surface
and provide an environment for pathogens to proliferate. The adhesion of
pathogenic bacteria to a biofilm is a food safety hazard because the biofilm
can detach and become a significant source of food contamination. Cleaning
to remove biofilms prior to sanitation is often sufficient to prevent this
problem. However, studies have shown that attached bacteria may survive
conventional cleaning methods (Austin and Berferon, as cited in Stopforth
et al, 2002 as citet by ERG (2004)). Adequate cleaning prior to sanitizing
is therefore paramount to controlling this problem. Further, coating drains
and equipment parts with antimicrobial material can counteract biofilms
although it does not eliminate the need for proper cleaning and sanitizing
(Higgins, 2003 as citet by ERG (2004)).
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 Niche environments. Niche environments are sites within the manufactur-
ing environment where bacteria can get established, multiply, and contam-
inate the food processed. These sites may be impossible to reach and clean
with normal cleaning and sanitizing procedures. Examples include hol-
low rollers on conveyors, cracked tubular support rods, the space between
close-fitting metal-to-metal or metal-to- plastic parts, worn or cracked rub-
ber seals around doors, and on-off valves and switches (Tompkin, 2002).
Tompkin (2002), as citet by ERG (2004), provides an extensive list of po-
tential niches. Manufacturers must identify and eliminate niches. Micro-
biological sampling of the environment and equipment can detect a niche.
Third- party validation of test results might be useful to further establish
confidence in environmental sampling results. Further, sanitary equipment
design can help prevent niches (AMI, 2003, as citet by ERG (2004)). Proper
maintenance to keep equipment parts from providing potential niches is also
essential.
 Plant renovations. Outbreaks of listeriosis have been linked to environmen-
tal contamination of food caused by plant renovations (FDA/CFSAN, 2001a
as citet by ERG (2004)). While no data were identified in the literature
on this issue, plant renovations are likely to require revisions in standard
operating procedures (SOPs) to prevent contamination due to changes in
processes.
 Ineffective use of cleaning agents and disinfectants. Different cleaning agents
vary in their ability to remove different soil types (Blackburn and McClure,
2002 as citet by ERG (2004)). Thus, the correct choice of cleaning agent
is essential to ensure effective cleaning in a food processing facility. The
efficacy of disinfectants is dependent on microbial species, pH, presence of
biofilms, temperature, concentration, and contact time (Stopforth et al.,
2002 and Blackburn and McClure, 2002 as citet by ERG (2004)). Stop-
forth et al. (2002), as citet by ERG (2004), found that commonly used
disinfectants were not as effective as desired, possibly due to inadequate
pre-cleaning steps. While there were no examples in the literature of plants
having problems with this issue, the potential for ineffective sanitation is
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clearly present. Food manufacturers should always confirm the efficacy of
their cleaning and disinfection programs with tests from the supplying com-
panies or in-house trials (Blackburn and McClure, 2002 as citet by ERG
(2004)).
 Lack of sanitary equipment design. Good hygienic design of equipment
prevents or minimises microbiological contamination of food. The mate-
rials used for food processing equipment should be easily cleanable. As
noted earlier, niche environments are known sources of pathogens; surfaces
also deteriorate with age, and this abrasion makes cleaning more difficult
(Blackburn and McClure, 2002 as citet by ERG (2004)). For cleaning and
sanitation to be effective, all parts of the equipment should be readily acces-
sible. Another way to improve equipment hygiene is to use antimicrobial
coatings on equipment parts (Higgins, 2003). Reactive rather than rou-
tine/predictive maintenance. In the Best Manufacturing Practices Survey
conducted by Food Engineering magazine in 2001, 56 percent of respon-
dents reported having routine preventive programs (Gregerson, 2002 as citet
by ERG (2004)). Only 8.5 percent of respondents noted having predictive
maintenance programs; the remaining respondents described their programs
as reactive in nature, i.e., run it til it breaks. Reactive maintenance can re-
sult in food contamination before a failure is identified. Niches can develop
or controls can become defective in processing equipment that is not rou-
tinely maintained. For example, in 1994, a Listeria monocytogenes outbreak
was linked to the use of defective processing equipment in the production
of chocolate milk (FDA/CFSAN, 2001a as citet by ERG (2004)).
 Ineffective application of sanitation principles. It may be difficult for a food
processor to apply sanitation principles consistently and effectively to each
batch of product. Food processors have found that improving the effec-
tiveness of sanitation principles is dependent on using redundant process-
ing controls (FDA/CFSAN, 1999c as citet by ERG (2004)). Validation of
cleaning processes may also be necessary. Automation that makes it unnec-
essary for humans to conduct the cleaning, such as robotic spray washers,
14
1.3 Food safety problems in the food industry
may also improve sanitation. The extent to which these practices are used
in the industry is unclear and should be explored with industry experts.
 Internalization of pathogens in fruit. Fruit is usually contaminated by
direct or indirect contact with animal feces. Studies have shown that
pathogens can infiltrate fruit through damaged or decayed areas or through
the flower end of the fruit (FDA/CFSAN, 1999a and FDA/CFSAN, 1999b
and FDA/CFSAN, 1999c as citet by ERG (2004)). While employing best
control practicessuch as not using dropped fruit, removing damaged fruit,
and washing/brushing fruit prior to processingminimizes these risks, the
problem can only be controlled with some certainty by a kill step, such as
pasteurization. Other possible controls are listed in the FDA Report of
1997 Inspections of Fresh, Unpasteurized Apple Cider Manufacturers and
listed again in the annotated bibliography.
 Contamination of raw materials. Many pathogens, like E. coli and Salmonella,
enter the food processing environment via raw materials contaminated with
those pathogens. A number of studies have shown that methods cur-
rently in place to prevent this are not sufficient (FDA/CFSAN, 1999a and
FDA/CFSAN, 1999b and FDA/CFSAN, 1999c and Riordan et al., 2001
and Tilden et al., 2002 as citet by ERG (2004)). Raw material contami-
nation can affect any industry, but is more common in industries that use
animal-derived products or products at risk of cross-contamination by ani-
mal feces. There are numerous preventive controls available to address the
hazard. Some controls minimize the risks of raw material contamination
(i.e., ensuring that raw material suppliers comply with good agricultural
practices) and others (i.e., irradiation, pasteurization) involve a kill-step to
eliminate any pathogens.
 Post-processing contamination. Products can also be contaminated if the
post-processing environment, utensils, or equipment have been contami-
nated with a pathogen. This issue is especially relevant to the pathogen
Listeria monocytogenes, due to its hardiness and pervasiveness in the en-
vironment. Effective controls against post-process contamination include
15
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Table 1.4: Range of processor-level problems of microbiological food safety hazard
posed (ERG (2004))
Inefficient employee hygiene practices
Language barriers
Ineffective training of employees
Biofilms
Niche environments
Plant renovations
Ineffective use of cleaning agents/disinfectants
Lack of sanitary equipment design
Reactive instead of routine maintenance
Ineffective application of sanitation principles
Internalization of pathogens in fruit
Contamination of raw materials
Post-processing contamination
eliminating the pathogen from the post-processing environment by using
environmental sampling to eliminate niches, effective sanitation, and vari-
ous in-package pasteurization methods. Use of preservatives, such as nisin,
to slow down the growth of Listeria monocytogenes are also becoming more
common.
1.3.2 Chemical hazards
Chemical safety hazards include intentionally added chemicals (e.g., allergens),
unintentionally added chemicals (e.g., cleaners and solvents), and natural toxins
(e.g., mycotoxins). Chemicals can also contaminate food through corrosion of
metal processing equipment/utensils and residues of cleaning chemicals left on
processing equipment. Further, adding too much of an approved ingredient, such
as a vitamin in vitamin-fortified products, may compromise the safety of foods.
 Raw material contamination with pesticides. FDA has found that roughly
1 percent of sampled domestic produce has pesticide residue in violation of
16
1.3 Food safety problems in the food industry
EPA standards (FDA/CFSAN, 2002 as citet by ERG (2004)). While the
incidence of contamination is low, consumers remain concerned about pes-
ticide residues. Aside from washing and testing the produce, manufacturers
can select produce from organic suppliers to avoid raw material contami-
nated with pesticides. Other alternative farming systems, such as low-input
sustainable agriculture (LISA) and integrated pest management, are also
control options at the farm level (Moulton, 1992 as citet by ERG (2004)).
These systems, which use much less pesticide than conventional agricul-
tural systems, rely on biological, chemical, cultural, and physical principles
and tools to control pests throughout the farming operation. Other preven-
tive control options may include genetic engineering with resistance against
pests or developing safer chemicals (Moulton, 1992 as citet by ERG (2004)).
 Indiscriminate spraying of facilities against pests. Chemicals can contami-
nate food if pesticides against insects and rodents are used indiscriminately
in a processing facility. Therefore, food experts generally recommend that
pest control be performed only by professionals to avoid residues in food
(Folks, 2001 as citet by ERG (2004)).
 Mistaken identity of pesticides. Food can become contaminated with pesti-
cides if pesticide container labels are misread or when products are stored
in containers that have had another use. The best way to control the risk of
mistaken identity is to store pesticides away from food ingredients, keep an
inventory of pesticides, and store the products in their original containers
(Tybor, 1990 and Folks, 2001 and Bryan, 1997 as citet by ERG (2004)).
 Spillage of pesticides or other chemicals. Pesticides should be handled like
poisons to avoid potential spillage. Storing chemicals away from food and
packaging materials will minimize accidental spillage of pesticides and other
chemicals (Tybor, 1990 as citet by ERG (2004)). Further, processors should
only use food-grade lubricants and greases in manufacturing.
 Corrosion of metal containers/equipment/utensils. Metal poisoning can
occur when heavy metals leach into food from equipment, containers, or
utensils. When highly acidic foods (e.g., citrus fruits, fruit drinks, fruit pie
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fillings, tomato products, sauerkraut, or carbonated beverages) come into
contact with potentially corrosive materials, the metals can leach into the
food (Tybor, 1990 as citet by ERG (2004)). One solution to the problem is
to use appropriate, non-corrosive materials in food processing.
 Residue from cleaning and sanitizing. If equipment and other food han-
dling materials are not rinsed well, then residue from detergents, cleaning
compounds, drain cleaners, polishers, and sanitizers can contaminate a food
product. This problem can best be controlled by properly training person-
nel about cleaning and sanitizing (Folks, 2001 adn Tybor, 1990 as citet by
ERG (2004)).
 Accidentally adding too much of an approved ingredient. Some substances,
such as preservatives, nutritional additives, colour additives, and flavor en-
hancers, are intentionally added to food products. But adding an approved
ingredient in inordinate amounts by accidentsuch as adding too much ni-
trite to cured meatcan result in a toxic product (Bryan et al., 1997 as citet
by ERG (2004)). Thus, Tybor (1990), as citet by ERG (2004), recommends
that nitrite be stored in a locked cabinet and weighed and bagged separately
before being added to any product. Nutritional safety issues can also arise
when product labels nutrition information is incorrect. Thus, it can be dan-
gerous to public health when too little or too much of a specified nutrient
is added. For example, malnutrition can occur if infant formula does not
deliver the expected nutrient content during its shelf life. Due to the risk
involved, infant formula quality control procedures and labelling require-
ments are addressed outside of GMPs in 21 CFR 106 and 107, respectively.
There are also many examples of nutritional food safety issues arising when
too much of a nutrient gets added to a product unintentionally. For exam-
ple, some vitamins that are added to fortified foods (such as Vitamin A)
are known to be toxic at high doses. And iron, a necessary dietary compo-
nent, can cause severe illness and death if too much is ingested. Controlling
chemicals by keeping an inventory of additives minimizes the occurrence of
this type of contamination (Folks, 2001 as citet by ERG (2004)).
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 Natural toxins. Food can be contaminated with naturally occurring chemi-
cals that cause disease. Toxins such as mycotoxins (discussed further below)
and marine toxins are naturally produced under certain conditions. Given
that these toxins generally occur in raw materials, especially crops and
seafood, manufacturers should require suppliers to certify hat the products
they purchase are free from natural toxins.
 Cross-contamination with allergens on production lines. A product can
become cross- contaminated with allergens on the production line. To min-
imize the risk of cross-contamination, equipment must be cleaned and san-
itized to remove all traces of allergens when the next run includes product
that should not contain allergens (Minnesota Department of Agriculture,
2003 as citet by ERG (2004)). Wash-down techniques may need adjustment
to ensure that they remove allergens as well as pathogens (Higgins, 2000 as
citet by ERG (2004)). Rinsing with water only or only cleaning at the end
of the day is not adequate (FDA/CFSAN, 2001a as citet by ERG (2004)).
Some equipment may need to be disassembled to be cleaned. The cleaning
process should be verified by visual inspection. Enzyme-linked immunosor-
bent assay (ELISA) tests can also help verify cleaning procedures (Deibel
et al., 1997 and Morris, 2002 as citet by ERG (2004)). Manufacturers may
choose to physically separate lines for allergen- and nonallergen-containing
products (Morris, 2002 as citet by ERG (2004)). This may be too costly for
most plants; scheduling longer production runs to minimize changeovers,
with allergen-containing product runs scheduled at the end of the day,
may be a more suitable alternative (Deibel et al., 1997 and FDA/CFSAN,
2001b and Floyd, 2000 and Gregerson, 2003 and Minnesota Department
of Agriculture, 2003 adn Morris, 2002 as citet by ERG (2004)). Crossover
points on production lines, including conveyor belts that transport prod-
ucts, should be enclosed to prevent cross-contamination. Physical detach-
ments and lockouts can be used for equipment common to allergen- and
nonallergen-containing foods (Deibel et al., 1997 as citet by ERG (2004)).
Maintenance tools should be colour-coded to prevent cross-contamination
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(FDA/CFSAN, 2001b and Morris, 2002 as citet by ERG (2004)). Aller-
genic materials should be stored separately from nonallergenic materials,
with dedicated utensils and containers. Putting all of the ingredients for
a specific batch on a pallet before taking them to the processing area, or
staging, will also minimize the risk of cross-contamination. Line clearance,
such as removing all the ingredients from the production area and check-
ing for cleanliness, can also help prevent cross-contamination (Floyd, 2000
as citet by ERG (2004)). Product can also be tested for the presence of
allergens, although this does not appear to be a common industry practice
(FDA/CFSAN, 2001a as citet by ERG (2004)). Finally, allergens should
be evaluated as part of a hazard analysis, and a HACCP plan or similar
approach can be taken to identify process areas that are at high risk for
contamination with allergens (Morris, 2002 as citet by ERG (2004)).
 Raw material contamination with allergens. When controlling a produc-
tion process for allergens, manufacturers must maintain a close working
relationship with suppliers of raw materials. The ingredient specification
should provide assurance that the product is allergen free (Deibel et al., 1997
and FDA/CFSAN, 2001c as citet by ERG (2004)). Manufacturers should
also obtain full ingredient lists from their suppliers (Deibel et al., 1997 and
Gregerson, 2003 as citet by ERG (2004)). Reconditioned ingredients and
oils should not be purchased (Minnesota Department of Agriculture, 2003
as citet by ERG (2004)). The manufacturer should also audit suppliers
each year to determine other products that are run on the same production
line, whether any allergenic processing aids or rework have been used in the
product, and whether any contamination from other common equipment
could have occurred (Gregerson, 2003 as citet by ERG (2004)). A training
program may be necessary to educate suppliers about allergen control, es-
pecially if suppliers have not implemented an allergen control plan (Deibel
et al., 1997 and Minnesota Department of Agriculture, 2003 as citet by
ERG (2004)).
 Contamination with allergens by utilization of rework. Proper use of re-
work is essential to prevent contamination of product with allergens. A
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documented rework plan should be available. Rework areas, equipment,
and containers must be clearly identified and documented, as well as the
rework itself (Deibel et al., 1997 and Gregerson, 2003 as citet by ERG
(2004)). This can be done through the use of colour tags, plastic liners, or
bar coding.
 Not declaring an allergen on labelling. Unavoidable product contamination
with allergens may occur if it is impossible to verify that all residue has
been removed from a line or if other controls cannot be put in place (Floyd,
2000 as citet by ERG (2004)). A good manufacturing practice includes
reviewing the labelling to ensure that the allergen is declared. However,
a study of inspections conducted by FDA/ CFSAN (2001a), as citet by
ERG (2004), indicated that many firms do not have label review policies.
Further, a large percentage of these manufacturers had undeclared allergens
in their products. Controls to prevent this problem can include removing old
label and packaging inventories from plants, verifying labels by scanning bar
codes, and conducting label audits (FDA/CFSAN, 2001 and FDA/CFSAN,
2001c and Minnesota Department of Agriculture, 2003 as citet by ERG
(2004)).
 Older equipment. Effective cleaning is paramount to controlling allergen
contamination. Older equipment, however, may not be designed to ver-
ify cleaning with a visual inspection (Deibel et al., 1997 as citet by ERG
(2004)). As noted in the section on microbiological issues and controls, all
parts of the equipment should be readily accessible and visible for clean-
ing and sanitation to be effective. Further, equipment surfaces should not
harbour allergens. Gregerson (2003), as citet by ERG (2004), reports one
such case in which cross-contamination with allergens occurred due to the
surface nicks on the processing table. Thus, sanitary equipment design is
necessary to ensure proper removal of allergens from equipment.
 Infestation of mycotoxins due to drought. Toxigenic fungi, or mycotoxins,
are found primarily in foods of plant origin, although they can also pass
through the food chain in milk and meat. Drought can encourage the
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growth of mycotoxins in certain crops. For example, drought stress can
cause aflatoxin, a type of mycotoxin, to grow in corn and treenuts (Moss,
2002 as citet by ERG (2004)). Drought can be minimized through adequate
irrigation schedules (Park et al., 1999 as citet by ERG (2004)). Thermal
and chemical treatments are also available for use on crop that is already
affected by mycotoxins (Park et al., 1999 as citet by ERG (2004)). Thermal
inactivation, however, is not effective on certain types of mycotoxins, such as
aflatoxin. Chemical treatments, such as ammoniation and activated carbons
and clays, are other possible controls (Boutrif, 1999 and Horne et al., 1989
and Park et al., 1999 and Suttajit, 1989 as citet by ERG (2004)).
 Infestation of mycotoxins due to damage. Insect damage is associated with
high levels of mycotoxin infection, as is mechanical damage from harvesters
(Boutrif, 1999 and Moss, 2002 and Park et al., 1999 as citet by ERG
(2004)). Diseases, such as ear rot in corn, also cause damage that leaves
the crop susceptible to mycotoxin infestation (Moss, 2002 as citet by ERG
(2004)). Delayed harvesting can also make crops more susceptible to disease
due to higher moisture levels (Park et al., 1999 as citet by ERG (2004)).
Damage to the product, whether through insect feeding or mechanical har-
vesters, provides a potential entry point for the mold that produces the
mycotoxin. Controls available include pest management to prevent insect
damage, breeding cultivars that are resistant to pest damage, timely har-
vesting, hand picking or electronic sorting to remove damaged crops, and
thermal or chemical treatment as noted above (Boutrif, 1999 and Moss,
2002 and Park et al., 1999 and Suttajit, 1989 as citet by ERG (2004)).
Possible biological control of insects and diseases in the field is also being
investigated (Moss, 2002 as citet by ERG (2004)).
 Infestation of mycotoxins due to moisture/heat during storage. Post-harvest
storage that protects the product from heat and moisture is essential to pre-
vent mycotoxin infestation (Boutrif, 1999 as citet by ERG (2004)). Grains
should be dried as soon as feasible, and storage under modified atmospheric
conditions is desirable (GASCA/CTA, 1997 as citet by ERG (2004)). Prod-
ucts should be dried rapidly to less than 10 percent moisture (Park et al.,
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1999 as citet by ERG (2004)). Products can also be sampled for myco-
toxins during storage (Boutrif, 1999). Methods include visual inspection
with black light, ELISA tests, and complex laboratory analysis using high-
pressure liquid chromatography (Horne et al., 1989 as citet by ERG (2004)).
While prevention with proper storage conditions is the best way to control
mycotoxin infestation, thermal and chemical inactivation, as described ear-
lier, can control any mycotoxins that do form under storage.
 Patulin production in apples. Patulin is a mycotoxin that is produced by
a number of molds associated with fruit spoilage (Bisessur et al., 2001 as
citet by ERG (2004)). Control methods often used in the production of
apple juice include using tree-picked apples, culling apples, washing apples,
charcoal treatment, chemical preservation using sulfur dioxide, gamma ra-
diation, fermentation, trimming of fungus-infected apples, and clarification
methods (Bisessur et al., 2001 and Jackson, et al., 2003 as citet by ERG
(2004)).
See also Table 1.5.
1.3.3 Physical hazards
Materials that do not belong in food, like glass or metal, cause physical safety
hazards. A physical safety hazard is any extraneous object or foreign matter
in food that can cause injury or illness in the person consuming the product
(Folks, 2001 as citet by ERG (2004)). Rocks, metal, wood, and other objects
are sometimes found in raw ingredients. Further, contamination can occur dur-
ing transport, processing, and distribution of foods due to equipment failure,
accidents, or negligence (Institute of Medicine/National Research Council, 1998
as citet by ERG (2004)). Separation equipment should be used to separate the
foreign bodies from the product. Detection methods include metal detectors, x-
ray machines, and optical systems (Wallin and Haycock, 1998 as citet by ERG
(2004)). In the literature there are a few articles about physical hazards in foods.
Particularly only one specific book on the detection of foreign bodies in food was
found (Edwards (2004); Smith (2005))
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Table 1.5: Range of processor-level problems of chemical food safety hazard posed
(ERG (2004))
Raw material contamination with pesticides
Indiscriminate spraying of facilities against pests
Mistaken identity of pesticides
Spillage of pesticides
Adding too much of an approved ingredient
Raw material contamination with an allergen
In-line cross-contamination with an allergen
Contamination by utilization of rework
Cross-contamination from maintenance tools
Cross-contamination from conveyor belts
Incorrect labelling or packaging
Older equipment (more difficult to clean)
Raw material contamination with natural toxins
Mycotoxin infestation due to drought
Mycotoxin infestation due to insect damage
Mycotoxin infestation due to delayed harvesting
Mycotoxin infestation due to mechanical damage
Mycotoxin infestation due to moisture/heat
Patulin production in apples
Corrosion of metal containers/equipment/utensils
Contamination with cleaner/sanitizer residue
Adding too much of an approved ingredient
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 Foreign matter in raw materials. Sources of foreign matter in raw materials
can include nails from pallets and boxes, ingested metal from animals, har-
vesting machinery parts, elements from the field, veterinary instruments,
caps, lids, closures, and more (Wallin and Haycock, 1998 as citet by ERG
(2004)). Mechanical harvesters will often collect more than the product.
Processors can include separation equipment, such as destoners, air clean-
ers, magnets, screens, sieves, traps, scalpers, and washers as part of their
production lines. For example, grain processors use four screens to remove
foreign materials (Stier, 2001 as citet by ERG (2004)). Foreign matter in
raw materials can be controlled with raw material inspections and vendor
certifications or guarantees from suppliers. X-ray technology is also avail-
able to examine incoming material (Folks, 2001 as citet by ERG (2004)).
 Poorly maintained equipment and lines. Pieces of equipment can break off
and enter food products during processing if equipment is poorly main-
tained. Routine or preventive maintenance and other periodic checks of
equipment can minimize the risk from this safety issue. Risk is further
minimized with the use of metal detectors and x-ray machinery. Proper
calibration of equipment and minimizing contact between pieces of machin-
ery is also helpful (Folks, 2001 and Stier, 2001 as citet by ERG (2004)).
 Lighting fixture/other glass breakage. Glass can be controlled by having a
glass breakage policy, such as throwing away all food and containers within
10 feet of the incident (Stier, 2001 as citet by ERG (2004)). Light fixtures
can be protected so that if they break, the glass does not spill out (Folks,
2001 as citet by ERG (2004)). Other controls include examining of empty
glass containers visually or cleaning a container with water or compressed
air and inverting the container to remove any shards. Capping equipment
should be properly calibrated and lines should be monitored for evidence
of glass breakage. X-ray technology can also be helpful in identifying glass
pieces in food (Olson, 2002 as citet by ERG (2004)).
 Human factors. Production line workers can be a major source of contam-
ination. For example, jewelry can fall off or break, fingernails can break,
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Table 1.6: Range of processor-level problems of physical food safety hazard posed
(ERG (2004))
Foreign matter in raw materials
Poorly maintained equipment/lines
Light fixture breakage
Foreign matter introduction during storage
and pens can fall into food. Jewelry removal is required under GMPs. If
pens are metallic, a metal detector can detect them. Production workers
fingernails should be cut short and gloves should be worn under certain
processing conditions.
 Introduction of foreign matter during storage. Pests can enter products dur-
ing storage, leaving remnants behind. Effective pest control is the solution.
It can include preventive measures such as filling in all non-functional open-
ings in a building; fully sealing doors, windows, and vents; protecting intake
points with filters or grills; and protecting drains and other facility intakes
and exits. Professional extermination is needed once pests have established.
UV light traps can also be used, although they need to be designed to pre-
vent further contamination from the tray that collects the insect remains
(Wallin and Haycock, 1998 as citet by ERG (2004)).
See also Table 1.6.
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A Delphi study was carried out by the Eastern Research Group (ERG) (ERG
(2004)) about the common food safety problems in the u.s. food processing
industry: The study had two primary objectives:
 To identify the main problems that pose microbiological (i.e., pathogenic
bacteria, viruses, and parasites), chemical (i.e., allergens, cleaners and sol-
vents, and mycotoxins), and/or physical (i.e., foreign objects such as glass
and metal) safety hazards to food at the processor level, and
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 To determine the preventive controls and/or corrective actions that food
manufacturers should implement to address each of the problems identified.
The considered food industry sector were the baked-goods sector, the dairy sector,
the frozen sector, the refrigerated sector, the shelf-stable sector, the meat-and-
poultry sector.
The top 4 safety problems identified by the expert panel members were: de-
ficient employee training, contamination of raw materials, poor plant and equip-
ment sanitation and poor plant design and construction. The complete results
are shown in Table 1.7.
For the shelf-stable food industry the most voted safety problem was “poor
plant and equipment sanitation” (88%). Obviously the sanitation depends on
the cleanability of equipments and the cleanability depends mainly on the design.
As shown by Orinda (2002), the contamination of some food equipments after
cleaning is higher compared to the contamination during production (Fig. 1.2).
Moreover as shown in the Fig. 1.3, the cross contamination of the seafood product
is a result of heavily contaminated surfaces. The equipments are “cleaned” by
the product.
As reported by Stouzby et al. (1996), about a quarter (and probably more in
my view) of the total cost due to callback campaigns cause by infections of food,
could be attributed to insufficient hygiene of equipment. Nevertheless there is
not a great effort in research and development in the field of Hygienic Design.
A survey carried out on several information sources corroborates the hypothesis:
the enquiry for the keyword “Hygienic Design” only returned about 150 matches
on the whole. About 25 articles of them were from journals such as Verpackungs
Rundschau, Lebensmitteltechnik, European Dairy Magazine, Suesswaren, Con-
fectionery Production, Confectionery Manufacture and Marketing, Scandinavian
Dairy Information, Brauwelt, Drink Technology & Marketing, Fruit Processing,
Deutsche Milchwirtschaft, Technical Quarterly, Master Brewers’ Association of
the Americas, Food Tech Europe, Alimenta, Mineralbrunnen, World Pumps and
so they were mostly marketing articles. The oldest were published in 1992. A
great part of the returned matches are from the European Hygienic Engineering
and Design Group: extended abstracts of all EHEDG guidelines are available in
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Table 1.7: Main safety problems in the U.S. food industry (ERG (2004))
Food Safety Problem Votes
Deficient employee training 94%
Contamination of raw materials 75%
Poor plant and equipment sanitation 75%
Poor plant design and construction 75%
No preventive maintenance 69%
Difficult-to-clean equipment 63%
Post-process contamination at manufacturing plant 63%
Contamination during processing 56%
Poor employee hygiene 56%
Incorrect labelling or packaging 44%
Contamination by reworked product 31%
Inadequate cooling 31%
Biofilms 25%
Lack of equipment knowledge 25%
Poor pest control 25%
Stagnant water due to dead ends in plumbing 25%
Condensate on pipes and other equipment 19%
Lack of crisis management protocol 19%
Lack of knowledge of welding standards 13%
Lack of product recovery protocol 13%
Lack of allergen control programs 6%
Lack of equipment parts reconciliation after repairs 6%
Use of unpotable water 6%
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Figure 1.2: Distribution of microbes in the processing environment after cleaning
and in processing after 8 working hrs in a fish plant located in Reykjavik, Iceland
during December 2002 (Orinda (2002))
the journal Trends in Food Science & Technology (e.g. Anon (1993a,b,c,d,e,f,g,
1994a,b,c, 1995a,b, 1997a,b,c,d, 2001a,c,d,e, 2006b,c, 2007b,c,d,e); Ehedg (2001);
Go Yanko (2007); Lelieveld et al. (1992); Maller (2007); Moens (2002, 2007);
Moens-Go Yanko (2003); Mostert et al. (1993); Yanko (2006)); moreover several
reports and reseach articles on hygienic design have been published by EHEDG
members and partners (e.g. Abram et al. (1996); Anon (1994d); Cnossen et al.
(2003); Cocker (2004); Dunn (2004); Freund (2007); Heide (2007); Lelieveld (1991,
1994, 2001); Lorenzen (1999, 2003); Mager (2002); Masters & Masters (2006); Se-
ward (2007)). As shown in Table 1.7, Training was identified as one of the most
important need in the food industry. Anyhow, a few articles were found about
this topic, and again the most part is from the European Hygienic Engineering
and Design Group (Ehiri et al. (1997); Jensen (2007); Moens-Go-Yanko (2004);
Skovgaard (1990)). The most part of returned matches are about hygienic design
of equipment. Moreover some articles have been found about the hygienic design
of food factories and buildings (e.g. Birus (1997); Graham (1991a,b,c); Hauser
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Figure 1.3: Distribution of microbes in fish and seafood products in a fish pro-
cessing plant in Reykjavik, Iceland in December 2002 (Orinda (2002))
(1999); Holah (2003)).
1.5 Validation and test methods: State of the
Art
The most active organization in developing test methods for the validation of food
equipment is the European Hygienic Engineering and Design Group (EHEDG).
The specific guideline EHEDG Doc.3 “Microbiologically safe aseptic packing of
food products” (Mostert et al., 1993), and the more general guideline EHEDG
Doc. 11 “Hygienic packing of food product” describe the main criteria for hygienic
design of packing machines but they can not be used for a certification. An aseptic
packing machine can become EHEDG certified, if it fully complies to the EHEDG
Doc.8 “Hygienic equipment design criteria” (Anon, 1993b). Unfortunately it is
very difficult to design a complex machine fully compliant to this document but it
is all the same possible to certificate the machine if the cleanability, sterilizability
and bacteria-tightness are demonstrated by appropriate published EHEDG Test
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Methods. Anyhow there are no EHEDG certified aseptic packing machines at
the present time (January 2009).
The specific document EHEDG Doc. 21 “Challenge tests for the evaluation of
the hygienic characteristics of packing machines for liquid and semi-liquid prod-
ucts”, goes back over the available test methods for the validation of:
 Cleanability of the filling equipment (filler): EHEDG Doc. 15 “A method
for the assessment of in-place cleanability of moderately-sized food process-
ing equipment” (Anon, 1997d). The test can only be used for small filling
equipment. All the more the EHEDG Doc. 2 “A method for the assess-
ment of in-place cleanability of food processing equipment” (Anon, 2007c)
can not be used since it needs the thermal equalization of the equipment.
 Cleanability of the filling zone: ELOPAK Assessment of filler cleanability
by CIP (Buttermilk Test).
 Steam sterilization of the filling equipment (filler): EHEDG Doc. 5 “A
method for the assessment of in-line steam sterilisation” (Anon, 1993e).
The test can only be used for small filling equipment.
 Sterilization of the filling zone by H2O2: BOSCH Test.
 Sterilization of packing material by H2O2: the method described by Cerny
(1992) is recommended. The method requires also checking the aseptic
condition of the internal surfaces of the bags.
 Bacteria tightness of the filling equipment (filler): EHEDG Doc. 7 “A
method for the assessment of bacteria tightness of food-processing equip-
ment” (Anon, 1993c). The test can only be used for small filling equipment.
 Air sterilization: EHEDG Doc 19 “A method for assessing the bacterial
retention ability of hydrophobic membrane filters”. Cartridge filters are
normally certified by the supplier.
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Chapter 2
Developed Methods, Tools and
Procedures
AN alarming scenario appears from the wide bibliographic study shown inChapter 1. The huge lack of knowledge and research on the Hygienic
Design topic justifies this PhD thesis in which a whole approach for the assurance
of the Food Hygiene will be developed.
2.1 A Check-list for the evaluation of hygienic
characteristics of food equipments
A check-list for the evaluation of compliance of continuous thermal processing
plants to regulations and standards has been developed. The check-list includes
requisites coming from:
 Food And Drug Administration (FDA): 21 Code of Federal Regulations,
part 110.40 and part 113.40 (g);
 European Committee for Standardization (CEN): EN1672-2: Food Process-
ing Machinery Basic Concepts Hygiene Requirements.
 (ISO): ISO 14159: Safety of machinery Hygiene requirements for the design
of machinery
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 Codex Alimentarius Commission (CAC): Code of hygienic practice for asep-
tically processed and packaged low-acid foods CAC/RCP 40-1993, section
VII.
 European Hygienic Engineering and Design Group (EHEDG): Documents
1-25.
The check-list is applicable to the most part of continuous thermal processing
plants both for sterilization and pasteurization, apart from heat exchange modal-
ity and heat exchangers geometry and apart from treated foodstuffs. This is
possible because all considered rules are horizontal and mainly lay down gen-
eral principles, even if compliant solutions are proposed for a lot of details. The
check-list is applicable to aseptic or hygienic equipments, and different solutions
for aseptic or hygienic conditions are proposed for some components. In some
cases several rules coming from different standards or regulations are equal and
they are collected in the same box. In each box all references are written. When
two rules coming from different references have different restrictive levels they are
separated in different boxes. Then, at the end of checking operation, its possible
to state which regulations the plant is compliant to, or not.
The check-list is subdivided into three sections respectively relating to
 Main Elements Design
 Piping Design
 Process
Moreover, each section is divided into thematic paragraphs. The three sections
include:
 Heat exchangers, direct heating, holding tube, tanks, valves, packing ma-
chine.
 Materials, joints, seals, pumps, shaft and bearings, dead legs, framework
and equipments.
 Cleaning, presterilization, start-up, monitoring and control.
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The check list is equipped with a column for rule compliance indication and a
column for notes. See Fig. 2.1 and Fig. 2.2 as examples. The complete check-list
is available in the Technical Report of the TecalNetLaboratory REFERENCE
Figure 2.1: A part of the section about piping
All requirements collected into the check-list can be subdivided into three
categories. Some examples are described in Table 2.1.
 The most part of rules are quite easily and immediately checkable, by means
of a simple plant inspection. For example, all rules which require the pres-
ence of an equipment or a device belong to this category.
 Other rules are general but require the examination of components design,
such as for joints and seals; in such cases checking operations are facilitated
by some suggested compliant solutions which can be compared with the
checked one. In many cases standards also describe some non-compliant
design solutions.
34
2.1 A Check-list for the evaluation of hygienic characteristics of food
equipments
Table 2.1: Requirements subdivided into categories: examples
Category 1 - For the connection between horizontal pipes of
different diameter an eccentric reducer must be
used. EHEDG Doc.10; EN 1672-2:1998
- A temperature recording device shall be in-
stalled in the product at the holding tube outlet,
between the holding tube and the inlet of the
cooler. FDA 21 CFR 113.40 (g)
Category 2 - Supports for piping or equipment must be fab-
ricated and installed such that no water or soil
can remain on the surface or within the supports.
EHEDG Doc.8
- If a connection or fastening must be made with
screw in the product area, poor design of screws
and nuts creating crevices, grooves or dead areas
must be avoided. Doc.13 EHEDG
Category 3 - The distance between the temperature probe
that controls flow diversion and the flow diver-
sion valve must be large enough to ensure that
insufficiently treated product will always be di-
verted when the temperature is too low. EHEDG
Doc.1
- The holding tube shall be designed to give con-
tinuous holding of every particle of food for at
least the minimum holding time specified in the
scheduled process. FDA 21 CFR 113.40 (g)
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Figure 2.2: A part of the section about process (monitoring and control of the
packing machine)
 Some rules, strictly related to process effectiveness, are nott well imple-
mented by standards and therefore the conformity evaluation of them must
be carried out in a much more complex way.
Compliance to requirements collected in the third category can often be critical
for Food Safety. Dedicated procedures are necessary for compliance evaluation
to these requirements. In these cases checking operations often depend also on
treated foodstuff properties, plant layout, sensors and equipments specifications.
The procedures can require the use of laboratory tests and numerical simulators.
The main requirements belonging to this category are shown in Table 2.1. The
RTD (Residence Time Distribution) has been widely studied by several authors
(e.g. Ditchfield et al. (2006), Nadeau et al. (1996), Torres et al. (1998), Zhang
et al. (1990)) and two reviews are also available in the literature (Ramaswamy
et al. (1995), Torres & Oliveira (1998)) No references have been found about the
“flow diversion issue” and so a comprehensive research has been performed on
this topic (see §2.3).
36
2.2 A method for thermal diffusivity estimation of foods
2.2 A method for thermal diffusivity estimation
of foods (Betta et al. (2009b))
2.2.1 Introduction
Correct knowledge of thermal properties is essential for efficient and economical
design and control of all food processing operations involving heat transfer such
as heating, cooling, freezing, thawing, and frying. Precise and reliable values of
thermal properties of foods are necessary to simulate temperature during heat
treatments, transport, storage and distribution. Conductive heat exchange is an
almost simple physical phenomenon: the classic mathematical model of conduc-
tion is Fourier’s equation (2.1):
ρ · cp ·
∂T
∂t
= k · ∇2T (2.1)
Conductive heat exchange depends on three physical properties: density (ρ),
thermal conductivity (k) and specific heat capacity (cp). These properties can be
included in a single parameter called thermal diffusivity, defined by the ratio:
α =
k
ρ · cp
(2.2)
Thermal diffusivity (α) physically relates the ability of a material to conduct
heat to the ability to store it. Many methods for determining thermal conduc-
tivity and thermal diffusivity were developed. Apart from non-conventional tech-
niques, such as ac method (Calzona et al., 1993), thermal wave cavity (Balderas-
Lopez & Mandelis, 2001), thermal lens technique (Bernal-Alvarado et al., 2003),
the majority of available methods were reviewed by Reidy & Rippen (1971) and
Choi & Okos (1986). Singh (1992) reported three models based on food com-
position (Choi & Okos, 1986; Dickerson, 1969; Martens, 1980). Information on
thermal properties of porous foods is presented in a review paper by Wallapapan
et al. (1983). There are two categories of measurement for thermal conductivity
and several experimental techniques have been developed for each category; in
some techniques, while thermal conductivity is measured, thermal diffusivity is
also obtained: a) steady-state methods, such as hot plate method (Lentz, 1961),
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concentric cylinder and concentric sphere method ; and b) transient state meth-
ods such as Fitch method (Fitch, 1935) and line heat source method (Balaban &
Pigott, 1992; Choi & Okos, 1983; Kumbhar et al., 1981; Kurozawa et al., 2005;
Nagasaka & Nagashima, 1981; Nix et al., 1967; Rahman & Potluri, 1991; Sweat &
Haugh, 1974); Thermistor probe method has been used by Valvano et al. (1985),
Kravets (1988), van Gelder & Diehl (1996) for the determination of thermal
properties respectively of biomaterials, milk and tomato products. A reference
method was proposed by Ball (Ball, 1923; Ball & Olson, 1957), who developed
what is known as the “formula”method. It is based on the fact that when heat
transfer coefficient of the surrounding medium approaches infinity, the logarithm
of the rate of change of temperature becomes constant in time and space, and
is proportional to the thermal diffusivity of the sample. As noted by Mohamed
(2003), one of the main serious limitations of this method is that it does not han-
dle the case of variable treatment temperature. Sweat (1986) recommended the
calculation of thermal diffusivity by inserting experimental thermal conductivity,
specific heat and density values in the thermal diffusivity equation (2.2). If it is
difficult or even impossible to measure directly one or more components in Eq.
2.2, or if the measured values are not sufficiently reliable and precise1, thermal
diffusivity can be determined from analytical or numerical solutions of Fourier’s
equation (2.1) which fit well the experimental data. In this case thermal diffusiv-
ity is estimated as the value of the parameter α which maximizes the quality of
approximation of temperature changes in the sample during treatments; a least-
square algorithm is normally applied to determine the optimal α value. Most
recent studies (Carbonera et al., 2004) view numerical simulations of Fourier’s
equation (2.1) as the best way to obtain thermal diffusivity value from experi-
mental temperature data. As noted by Markowski et al. (2004), in this case the
physical meaning of the thermal diffusivity is different than that based on Eq.2.2,
and thermal diffusivity determined by that method is usually referred to as effec-
tive or apparent thermal diffusivity. Many Authors developed several methods,
based on Least Square Estimation (LSE), to investigate the thermal properties
of foods. Garrote et al. (2000) calculated the thermal diffusivity of potatoes
by using an explicit numerical solution. Carciofi et al. (2002) determined the
1e.g. for multi-phase or non homogeneous systems
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thermal diffusivity of mortadella, cooked in a steam oven, by using actual cook-
ing process data and a least-squared algorithm based on an analytical solution
of Fourier’s equation (2.1). Zhang et al. (2002) used a finite element method
(FEM) for bi-dimensional heat conduction with convective boundary conditions
in the precooking and cooling of skipjack tuna (Katsuwonas pelanis). Mohamed
(2003) exploited a computer solution to calculate the thermal diffusivity value by
using a tri-diagonal matrix and an alternative direction implicit finite difference
method; experimental validation was carried out by using canned tomato sauce
and 8% bentonite suspension. Zorrilla & Singh (2003) used a finite difference
method with explicit solution mode to model the heat transfer in double-sided
cooking of meat patties considering two-dimensional geometry and radial shrink-
age. Carbonera et al. (2004) experimentally determined the thermal diffusivity
of a commercial tomato paste by means of both the “formula”method and an
optimisation method based on squared error minimisation. Markowski et al.
(2004) determined the thermal diffusivity of Lyoner-type sausages during water
bath cooking and cooling, using both a numerical and an analytical solution of
Fourier’s heat transfer equation (2.1). Kubasek et al. (2006) found out thermal
diffusivity of olive oil using a numerical solution based on finite elements. Huang
(2007) used a computer simulation program based on finite difference to estimate
the apparent thermal diffusivity of beef frankfurters. Mariani et al. (2008) deter-
mined thermal diffusivity of banana using a finite difference method coupled to
an optimization technique of Differential Evolution used in inverse method.
The main goal of the present study is to develop and experimentally validate a
computer code based on least square optimization of a finite difference solution
of Fourier’s equation in order to adequately and quickly calculate thermal dif-
fusivity of foods by using heat penetration curves. The second objective is to
estimate thermal diffusivity of some food products intended for sterilization or
pasteurization for which no references were found.
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2.2.2 Modelling
2.2.2.1 Mathematical model
The assumptions considered in the simulation were as follows: two dimensional
cylindrical sample, homogeneous and isotropic sample, constant thermophysical
properties, negligible heat generation inside the sample, infinite heat transfer
coefficient at the surface, absence of convective fluxes inside the sample. For a
Figure 2.3: Illustration of geometry and mesh
2-D (r,z) axial-symmetric isotropic medium (Fig. 2.3), the Eq. 2.1 can be written
in cylindrical coordinates:
1
α
·
∂T
∂t
=
∂2T
∂r2
+
1
r
·
∂T
∂r
+
∂2T
∂z2
(2.3)
The following boundary conditions were used:
t = 0 −→ T (r, z, 0) = Ti (2.4)
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r = 0 −→
∂T (0, z, t)
∂r
= 0 (2.5)
r = R −→ T (R, z, t) = Tb(t) (2.6)
z = 0 −→ T (r, 0, t) = Tb(t) (2.7)
z = H −→ T (r,H, t) = Tb(t) (2.8)
The solution of the above governing equations is difficult to obtain using analytical
methods. Therefore, approximate methods of solution are used to solve them.
2.2.2.2 Finite difference solution
The method used in the present study is the finite difference approximation.
In the finite-difference approach, the continuous problem domain is discretized,
so that the dependent variables are considered to exist only at discrete points.
Derivatives are approximated by differences, resulting in an algebraic representa-
tion of the partial differential equation (PDE). Thus a problem involving calcu-
lus is transformed into an algebraic problem. Many finite-difference algorithms
can be used to solve this equation such as Simple Explicit, Richardson’s Method
(Richardson, 1910), Simple Implicit (Laasonen, 1949), Cranck-Nicolson Method
(Cranck & Nicolson, 1947), Combined Method (Richtmyer & Morton, 1997) and
DuFort-Frenkel Method (DuFort & Frankel, 1947). The simplest is the Explicit
One-Step Method ; an explicit scheme is one for which only one unknown variable
appears in the difference equation in a manner that permits evaluation in terms of
known quantities. By means of this method, as described by Tannehill, Anderson
& Pletcher (1997), the solution of the generic reaction-diffusion parabolic PDE
in a 1-D (x)
∂u
∂t
= α ·
∂2u
∂x2
(2.9)
is:
up+1j − u
p
j
∆t
= α ·
upj+1 − 2u
p
j + u
p
j−1
(∆x)2
(2.10)
This is first-order accurate with truncation error (T.E.) of O[∆t, (∆x)2] and this
scheme is stable whenever
0 ≤ r ≤
1
2
(2.11)
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where
r =
α∆t
(∆x)2
(2.12)
Numerical grid of an axi-symmetric cylindrical object is shown in Fig. 2.3.
The index s represents the mesh points in the r-direction while index n represents
the mesh points in the z-direction. The explicit method allows to calculate tem-
perature at coordinates (s, n) at instant (p + 1) if the temperature distribution
at the previous time (p) is known. In the present study the central-difference
form has been applied; so temperature derivative at position (s, n) depends on
temperature at coordinates (s, n−1), (s, n+1), (s−1, n), (s+1, n). The solution1
of the governing equations is as follows:
T p+1s,n =
α ·∆t
(∆r)2
· (T ps+1,n + T
p
s−1,n) +
+
α ·∆t
2r ·∆r
· (T ps+1,n − T
p
s−1,n) +
+
α ·∆t
(∆z)2
· (T ps,n+1 + T
p
s,n−1) +
+ T ps,n ·
[
1−
2α ·∆t
(∆r)2
−
2α ·∆t
(∆z)2
]
(2.13)
On the axis (boundary condition Eq. 2.5), as shown by Mitchell & Pearce
(1963), the term of Eq. 2.3 1
r
∂T
∂r
becomes ∂
2T
∂r2
. So the explicit finite difference
solution at r = 0 is
T p+11,n =
4α ·∆t
(∆r)2
· T p2,n+
+
2α ·∆t
(∆z)2
· (T p1,n+1 + T
p
1,n−1) +
+ T p1,n ·
[
1−
4α ·∆t
(∆r)2
−
2α ·∆t
(∆z)2
]
(2.14)
For the scheme in Eq. 2.13 and Eq. 2.14, the stability condition (Eq. 2.11)
becomes (Anderson, Sun, Erdogdu & Singh, 2004):
α ·∆t
(∆r)2
+
α ·∆t
(∆z)2
≤
1
2
(2.15)
1for s 6= 1, s 6= S, n 6= 1, n 6= N
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hence the sum
∆t
(∆r)2
+
∆t
(∆z)2
(2.16)
has to be maintained below a constant. A high number of time-intervals generates
the same number of matrices and hence causes a high computational time. So, in
order to achieve scheme stability and an acceptable computational time, a smaller
number of space-nodes needs to be used; On the other hand, a smaller number of
space-nodes causes a big truncation error. Then these parameters (∆t,∆r,∆z)
have to be configured step by step, taking into account computer capability.
2.2.2.3 Non linear least squares (N.L.L.S.) method
Generally, least squares is a mathematical optimisation technique which, when
given a series of measured data, attempts to find a function which closely ap-
proximates the data (a “best fit”). It attempts to minimise the sum of the
squares of the ordinate differences (called residuals) between points generated
by the function and corresponding points in the data. N.L.L.S. method requires
the experimental data and the data calculated with a numerical solver. The
fundamental relation is represented by the error function ψ:
ψ(α) =
Q∑
k=0
(Tsk − Tek)
2 (2.17)
where Tsk is the simulated temperature at time (k ·∆t), Tek is the experimental
temperature at time (k ·∆t) and Q is the time-intervals number.
2.2.2.4 Software development
The Matlab® programming environment was chosen for software development
and an appropriate interface (Fig. 2.4) was created. This interface allows users
to define all parameters needed for thermal diffusivity calculation. Firstly, users
have to upload the experimental curves, both the treatment (boundary temper-
ature) and the sample centre temperature, with the aid of two push-buttons.
Another two push-buttons allow plotting of the curves, in order to check data
and identify any wrong point due to interferences during experimental data cap-
ture. The second step is mesh definition: space-nodes number, both for radius
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Figure 2.4: Simulator graphical interface
and for height, and time-intervals number have to be entered. A constrained
minimisation algorithm (fmincon Matlab® function) has been used in the soft-
ware in order to decrease computational time. So it is necessary to define the
upper and the lower limit of expected thermal diffusivity. The upper value will
be automatically evaluated in Eq. 2.15. Stability condition can also be checked
by pushing the appropriate button. If the condition is respected, the schemes in
Eq. 2.13 and 2.14 are stable and it is possible to run the solver by pushing the
button “RUN”. The main output of the calculator is the α value which allows
the best fit of experimental data. An output graph (Fig. 2.5) with treatment
curve, experimental curve and best simulated curve is automatically opened at
each simulation. All main input parameters are printed at the top of the graph
and the optimal thermal diffusivity value is printed in the graph legend; moreover
all calculated variables and parameters are reported in a data file. By pushing the
“close”button it is possible to enter a switch interface which allows to open the
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Figure 2.5: Output graphical interface
“twin”software for heat exchange simulation. The software returns temperature
history at every node, and hence it allows simulating sterilization and pasteuriza-
tion processes; it also calculates sterilization value F0 (at the coldest point) and
the cooking value C0 (at the hottest point) at each simulation.
2.2.3 Experimental
2.2.3.1 Materials and methods
The first tested foodstuff was a commercial super-hot-break tomato puree, packed
in aseptic bricks and characterized in Table 2.2.
A tin-plated can was filled with the product (Fig. 2.6a). The container
was subsequently dipped into a 80◦C preheated thermostatic bath (Julabo Cir-
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Table 2.2: Tested commercial products composition
Tomato puree Tomato sauce Truffle sauce
Water % 94,5 90,4 53,06
Proteins % 1,3 1,8 4,2
Carbohydrates % 4 7,5 0,49
Fats % 0,2 0,3 30,35
Custard cream Olive pate Apricot jam
Water % 72,7 65,2 49,38
Proteins % 3,2 1,5 0,6
Carbohydrates % 20 1 50
Fats % 4,1 32,3 0,02
Cheesy sauce Mushrooms sauce Bacon&Egg sauce
Water % 88,9 89,3 86,7
Proteins % 2,8 1,4 3,3
Carbohydrates % 4,0 1,2 1,8
Fats % 4,3 8,1 8,2
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Figure 2.6: (a) Tin-plated can (φ80× 125[mm]) and (b) glass jar (φ67× 86[mm])
equipped for thermocouples data capture. (c) glass jar (φ67× 86[mm]) equipped
with data-logger (Not to scale)
culators VC, JulaboItalia, Milano, Italy) filled with water. Temperature was
measured in the geometric centre of the samples (probe C), at r = 34mm in
the median plane (probe I), and in the surroundings (probe B) during the whole
treatment. Heat penetration curves were measured using wire thermocouples
K type (Ni/Cr-Ni/Al) (HF/D-30-KK) connected with a multimeter/data acqui-
sition system (Keithley Instruments Inc., Cleveland, Ohio, U.S.). The second
tested product was a pregelatinized mixture of starch (20%w/w) (Cerestar s.p.a.
Ferrara, Italy) and water. The mixture, poured in a glass jar (Fig. 2.6b), was
heated for 60 minutes at 80◦C and then cooled inside the container at room
temperature for 24 hours in order to obtain the whole gelatinization. The con-
tainer was subsequently dipped in the preheated thermostatic bath (80◦C) for
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the treatment. In this case the probe I was at r = 27mm in the median plane.
The data capture period was 10s for all tests. The mesh parameters (Q,N, S)
were differently fixed for each simulation in order obtain consequent values of
∆t,∆r and ∆z equal to about 7s, 3mm and 10mm, corresponding to a maximum
computational time of 30s (using a Intel Pentium M Processor 740 with RAM
512MB). Similar values of ∆r and ∆z were used by Carciofi et al. (2002), whereas
they fixed ∆t equal to 1s, but we did not find out any considerable benefit by
increasing Q above 1000 for the longest test.
Thermal diffusivity of tomato puree and starch-water mixture was calculated by
means of four methods in order to validate the developed software. Results ob-
tained by the proposed method were compared to those found out by means of a
composition-based method1 (Choi & Okos, 1986), the “formula”method2 (Ball,
1923) and the “SIMULA+NLLS” method3 (Falcone et al., 1999; Rinaldi, 2005).
Eight replicates have been used for every test. One-way-analysis of variance
(ANOVA) and Least Significant Difference test (LSD) at a 95% confidence level
(p ≤ 0, 05) were used to identify differences among groups (Software SPSS 12.0).
Thermal diffusivity of some sterilized and pasteurized commercial products have
been estimated by means of the proposed method after the validation described
above. Olive pate and apricot jam were treated in their own glass jar according
to the procedure used for tomato puree. Commercial cheesy sauce, mushrooms
sauce, bacon&egg sauce and confectioner’s custard were poured in the developed
measuring cell described in §2.2.3.2 and treated in the thermostatic bath at 80◦C
and 90◦C. Commercial tomato sauce and truffle sauce were poured in a glass jar
equipped with a data-logger Pt1000 (Ebro Electronic GmbH & Co KG, Ingol-
stadt, Germany) (see Fig. 2.6c) and treated in a small steam retort (De Lama
S.p.A., Pavia, Italy) at 119◦C. Eight replicates have been used for every tested
food.
1Algebraic equations allow calculating thermal diffusivity if composition and temperature
of the food are known
2See the brief description in §2.2.1
3This method couples a Taylor’s series algorithm named “SIMULA” for the solution of
Fourier’s equation with the Non Linear Least Square method
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2.2.3.2 Associated error and measuring cell development
As reported by Larkin & Steffe (1983), thermal diffusivity calculated from heat
penetration data is mainly dependent on errors associated with temperature mea-
surement and thermocouple probes location. The error for a k-type (HK/D-30-
KK) thermocouple is the greater of the following values: ±1.5◦C or ±0.4% of the
measurement. So the thermocouple error is ±1.5◦C between −40◦C and 375◦C
. In this range, the measurement system error is about 0.5◦C, mainly due to
the CJC (Cold Junction Compensation) accuracy (Anon, 2007a; Inc., 1995). So
the total error in thermocouple measurement is about 2.0◦C. Several simulations
have been performed in order to evaluate the error on thermal diffusivity due to
uncertainty in temperature measurement: the most unfavourable calculation of
the error provided us a value of the order of 7% (max(∆α/α) = 0.07). Similar
results were published by Bairi et al. (2007). The error on thermal diffusivity
measurement due to temperature measurement error could be decreased by us-
ing thermocouples type T (±0.5◦C in the range 0◦C − 125◦C) and by using an
external CJC sensor with high-accuracy capability (Anon, 2007a).
Besides, several simulations have been carried out in order to assess the error
on thermal diffusivity measurement due to the wrong positioning of probes. For
15mm thermocouples distance, a 1mm positioning error (6.7%), simulated by
varying in the software the r-coordinate of the data capture point, generates a
13.6% thermal diffusivity error while a 2mm positioning error (13.4%) generates
a 28.2% thermal diffusivity error. Similar results have been reported by Benigni
& Rogez (1997). The use of an appropriate measuring cell is therefore necessary.
The custom made measuring cell, shown in Fig. 2.7, is similar to the apparatus
used by Dickerson (1965). The stainless steel apparatus is designed to be filled in
the overturned position. Thus, the temperature probes are connected to a fixed
part and not to the cover such as for glass jar caps, and they are not further
moved except for maintenance operations. This solution allows gluing the ther-
mocouple junction of the probe I to the internal surface of the cell before filling.
The uncertainty in probe location is so reduced to ±0, 5mm (1, 2%) correspond-
ing to a thermal diffusivity error < 3%. The cell should be as symmetrical as
possible: the influence of the flange and the cover has been evaluated by means of
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Figure 2.7: Custom made measuring cell (φ85 × 105[mm]): (1) Glass support.
(2) Polymeric holed screw. (3) Welded stainless steel nut. (4) Wire thermocouple
K type. (5) Stainless steel tube. (6) Stainless steel flange. (7) Polymeric gasket
ComsolMultiphysics® simulations. For a metallic container the asymmetry due
to the flange and the cover is negligible. Rigid supports must be used to introduce
thermocouples because of the flexibility of the thermocouples cables, and these
supports should be made of a thermal insulating material and must be as thin as
possible in order to avoid any perturbation on heat flux. Three possible solutions
have been compared with the aid of the software ComsolMultiphysics®. Firstly
we tryed to use Teflon, but this material is not sufficiently rigid. So a solution
with coupled Teflon and steel was tested: as shown in Fig. 2.8(c), the temper-
ature field is deformed and temperature at the coldest point seriously increases.
Then steel supports have been tested in order to evaluate the suitability of very
thin conductive supports: as shown in Fig. 2.8(b) also this solution is unsuitable.
The best solution was thin glass support (Fig. 2.8(a)) and so it was implemented.
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Figure 2.8: Perturbation due to different supports: (a) glass supports (φ1 ×
0, 1thickness[mm]) (Tmin = 339, 85K); (b) steel supports (φ1 × 0, 1th.[mm])
(Tmin = 344, 33K); (c) teflon(internal)/steel supports (teflon:(φ1× 0, 5th.[mm]);
steel:(φ2× 0, 2th.[mm]) ) (Tmin = 345, 95K)
2.2.4 Results
Thermal diffusivity values obtained by the proposed method allowed an effective
simulation of temperature for every tested product (Fig. 2.9 and Fig. 2.10).
Results from the developed simulator were very similar to values obtained by
Choi & Okos (1986) method for the main part of tested products.
Tests performed on tomato puree and starch-water mixture confirmed that the
“formula”method can only be used for constant temperature treatments. Conse-
quently it was not possible to estimate thermal diffusivity of liquid packed prod-
ucts by means of this method, but overall values (including container component)
were only obtained. The statistical analysis showed non significant difference be-
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Figure 2.9: Thermal diffusivity obtained by probes C and probe B
tween values found out by means of the proposed method and those obtained by
the other used methods (Ball, 1923), (Falcone et al., 1999; Rinaldi, 2005); groups
are shown by superscripts in Table 2.3 and Table 2.4. Thermal diffusivity values
obtained by means of the proposed method for the other tested products (Table
2.2) are shown in Table 2.5; the used container, probes and the maximum tem-
perature of respective treatments are also reported in the table. The proposed
method also allowed to calculate thermal diffusivity via heat penetration curves
obtained by variable temperature treatments; two main consequences occurred:
a) It was possible to estimate thermal diffusivity of liquid packed products by
accounting as treatment the data captured by an internal probe (probe I).
Values obtained in this way (Fig. 2.10) were lower than overall values (Fig.
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Table 2.3: Tomato puree thermal diffusivity [mm2/s]. See Fig. 2.6 for probes
tags explanation. a−b same letters do not significantly differ (n = 8, p ≤ 0, 05)
Data capture points bath(B)-centre(C) internal(I)-centre(C)
Composition method (Choi &
Okos, 1986)
−−−−−−− 0, 149
Formula method (Ball, 1923) 0, 155a ± 0, 005 −−−−−−−
proposed method 0, 154a ± 0, 004 0, 142b ± 0, 003
SIMULA+LSE (Falcone et al.,
1999; Rinaldi, 2005)
0, 158a ± 0, 005 0, 149b ± 0, 005
Table 2.4: Starch-water mixture thermal diffusivity [mm2/s]. See Fig. 2.6 for
probes tags explanation. a−b same letters do not significantly differ (n = 8,
p ≤ 0, 05)
Data capture points bath(B)-centre(C) internal(I)-centre(C)
Composition method (Choi &
Okos, 1986)
−−−−−−− 0, 142
Formula method (Ball, 1923) 0, 159a ± 0, 003 −−−−−−−
proposed method 0, 160a ± 0, 006 0, 139b ± 0, 004
SIMULA+LSE (Falcone et al.,
1999; Rinaldi, 2005)
0, 158a ± 0, 005 0, 138b ± 0, 005
Table 2.5: Other tested product: thermal diffusivity obtained by the proposed
method
Food Probes Container Tmax[
◦C] α[mm2/s]
Apricot jam I-C Glass jar 80 0, 122± 0, 005
Bacon&Egg sauce I(surface)-C Measuring cell 90 0, 157± 0, 003
Cheesy sauce I(surface)-C Measuring cell 90 0, 146± 0, 002
Confectioner’s custard I(surface)-C Measuring cell 80 0, 134± 0, 003
Mushrooms sauce I(surface)-C Measuring cell 90 0, 153± 0, 001
Olive pate I-C Glass jar 80 0, 116± 0, 002
Tomato sauce B-C Glass jar 119 0, 210± 0, 002
Truffle sauce B-C Glass jar 119 0, 139± 0, 005
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Figure 2.10: Thermal diffusivity obtained by probes C and probe I
2.9) and this was due to the higher thermal conductivity of metallic and
glass container.
b) The case of variable retort temperature was also correctly studied. The
variable treatment temperature benefits include improved nutrient and fla-
vor retention, reduced heat damage, lower energy costs and shorter process
time (Durance et al., 1997). A test performed on truffle sauce in a vertical
retort is shown in Fig. 2.11.
For foods treated in the steam retort (truffle sauce and tomato sauce) only overall
values of thermal diffusivity (including container component) were obtained since
it was possible to insert only one probe into the sample because of data-logger
size.
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Figure 2.11: Variable treatment temperature test in vertical retort
2.2.5 Conclusions
A reliable, quick and userfriendly method for thermal diffusivity estimation has
been developed. The method has been experimentally validated and its results
have been compared with those obtained by three other methods. Several foods,
such as tomato puree, tomato sauce, truffle sauce, cheesy sauce, mushroom sauce,
bacon&egg sauce, olive pate, confectioner’s custard and apricot jam were tested
and in every case the method proved to be effective. The developed software also
allowed estimation of thermal diffusivity via heat penetration curves obtained by
variable boundary temperature. So it was possible to exclude the contribution of
the container from the estimation of thermal diffusivity of liquid packed foods, and
the case of variable retort temperature was also correctly studied. An appropriate
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measuring cell has been designed and made in order to decrease the systematic
error in probe positioning. In conclusion the proposed method turns out to be
a useful tool for scientific design of several processes, such as sterilization and
pasteurization, and for correct control of transport, storage and distribution of
foods.
2.3 Correct design and setting of flow diversion
devices (Betta et al. (2009a))
2.3.1 Flow diversion: what Regulations and Guidelines
say
Flow diversion is a matter of concern for Food Hygiene in Aseptic Processing and
Packaging Systems. The basic layout of an Aseptic System compliant to Codex
Alimentarius (CodexAlimentarius (1993)) and to the Food and Drug Administra-
tion (FDA (1998)) is shown in Fig. 2.12. The Codex Alimentarius Commission
(CodexAlimentarius (1993)) asserts that the flow diversion valve should be in-
stalled in the product piping located before the product filler or aseptic surge
tank. The title 21 of Code of Federal Regulation (FDA (1998)) states that it
should be located between the product cooler and the product filler or aseptic
surge tank. If the layout shown in Fig. 2.12 is used, when product temperature in
the holding tube drops below the temperature specified in the scheduled process,
product flow should be diverted away from the filler or aseptic surge by means
of the flow diversion system. The product holding tube and any further system
portion affected shall be returned to a condition of commercial sterility before
product flow is resumed to the filler or to the aseptic surge tank (FDA (1998)).
In order to avoid re-cleaning and re-sterilization of the system a different layout
is sometimes used. As shown in Fig. 2.13, the processing plant is equipped with
another flow diversion system, called short flow diversion device. The short flow
diversion valve is located between the heating section and the holding section and
ensures that product subjected to a temperature below the temperature specified
in the scheduled process cannot get into the holding tube and the cooling section.
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The EHEDG Doc.1 (Lelieveld et al. (1992)) proposes a similar layout in which
the flow diversion valve is located after the holding tube. The authors suggest
this solution for pasteurization. The EHEDG Doc.6 (Hasting et al. (1993)) as-
serts that diversion from the holding tube may be practical in a limited number
of sterilization applications. In these cases a diversion cooler and back pressure
control will be required to maintain stability and suppress boiling in the holding
tube. Short flow diversion systems allow the resumption of production as soon
as the product temperature return to conditions specified in the scheduled pro-
cess, but the manufacturer should guarantee that measures have been taken to
ensure that none of insufficiently treated product can contaminate the correctly
treated product; this kind of layout requires additional effort in research and
validation and also a more complex equipment design in order to ensure process
effectiveness.
Figure 2.12: Aseptic System compliant to FDA and Codex Alimentarius. See
Table 2.6 for tags explanation. Dashed grey area = Aseptic area
2.3.2 Correct choice of temperature probes
The heating section is normally controlled by a traditional PID (Proportional-
Integral-Derivative) feed-back control system. Feedback controllers are preferred
because they are extensively used and are relatively cheap, but they are actually
effective only for quasi-steady state conditions. For serious transient conditions
(for example due to changes in temperature or flow rate of product or service
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Table 2.6: Tags explanation for Fig. 2.13
1 Unprocessed product preparation
2 Feeding tank
3 Pump
4 Flow-meter
5 Heating
6 Temperature probe for heating control
L Safety length
7 Flow diversion valve
8 Holding tubes
9 Temperature probe for F determination
10 Aseptic cooling
11 Temperature probe for cooling control
12 Positive aseptic extra-pump
13 Flow diversion aseptic valve
14 Valve
15 Aseptic surge tank
16 Sterile air overpressure monitoring
17 Aseptic filling and packaging
18 Diversion Cooler
19 Back-pressure control device
20 Valve
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Figure 2.13: Aseptic System equipped with short flow diversion device. See Table
2.6 for tags explanation. Dashed grey area = Aseptic area
fluids) feed-back controllers are not able to ensure the scheduled process delivery.
For these reasons, in such cases flow diversion is a not so much rare event, and its
effectiveness is essential for achievement of commercial sterility of the product.
The correct choice of the temperature probe plays an important role in the suc-
cessful design of a flow diversion system. As stated by the Codex Alimentarius
Commission (CodexAlimentarius (1993)) devices should respond to temperature
changes sufficiently quickly to ensure that the scheduled process is delivered.
RTD probes (Resistance Temperature Detectors) are frequently used in order
to monitoring and control the temperature at the heating section outlet. RTD
elements consist of a length of fine coiled wire wrapped around a ceramic or glass
core (bulb). The element is usually quite fragile, so it is often placed inside a
sheathed probe to protect it. The dynamic response of a sensor is an important
feature, particularly if it is intended to be used in a continuous processing system.
When the probe is subjected to a rapid temperature change, it will take some time
to respond: if the response time is slow in comparison with the rate of the change
of temperature, the RTD will not be able to faithfully represent the dynamic
response. For industrial application, the RTD bulb is normally protected with
metal pipes. Thus the response time of the device is mainly influenced by the
thermal diffusivity and mass of the sheath. The most usually installed RTDs
are 6mm and 3mm PT100, naked or inside pocket. The response of RTDs can
be modelled using a first-order differential equation. The transfer function of a
first-order system in the Laplace domain is shown in Eq. 2.18. The rate at which
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Figure 2.14: Simulink model of RTD probes
the response approaches the final value of a temperature change is determined
by the time constant τ . The step response of a first order system in the time
domain is shown in Eq. 2.19. When t = τ , y has reached the 63.2% of its final
value; when t is equal to 5τ , y has reached the 99.3% of its final value.
G(s) =
1
1 + τ · s
(2.18)
y(t) = L−1
1
1 + τ · s
= 1− e−t/τ (2.19)
In many cases, specifications of industrial RTD do not include any information
about the dynamic response. A study has been carried out in order to determine
the time constant of the above mentioned RTD models. A test device compliant
to IEC 60751 for a simplified test in water has been used. As shown in Fig.
2.14, the minimum time constant τ is about 6s for 3mmPT100. If an important
deviation occurs, for example in the case of a failure in the steam feed line,
the temperature measured by RTD probes is considerably lower then the actual
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temperature during the transient state. Thus a correctly designed safety length
between the probe and the valve is necessary to ensure that insufficiently treated
product will always be diverted when the temperature is too low.
2.3.3 Procedure for effective flow diversion systems
The issue is clearly described by the EHEDG Doc.1 (Lelieveld et al. (1992)): The
distance between the temperature probe that controls flow diversion and the flow
diversion valve must be large enough to ensure that insufficiently treated prod-
uct will always be diverted when the temperature is too low. This requirement
is critical in plants equipped with short flow diversion system, in which both
the temperature probe and flow diversion valve are located between the product
heater and the holding tube. The minimum acceptable volume of the safety tube
depends on the flow rate and has to be calculated for the maximum flow rate.
This volume depends also on product rheology because it is important to know
the shortest time that any particle can take to pass through the safety tube. For
pseudo-plastic and Newtonian fluids the precautionary 0.5 ratio between the av-
erage and the maximum speed can be accepted, for laminar flow. The safety tube
should be correctly designed, but if its length is wrong it is possible to increase
the set-point at the heating section outlet in order to ensure that insufficiently
treated product will always be diverted. A real case is shown in Fig. 2.15: the
continuous line is the actual temperature at the heating section outlet due to
a failure in the steam feed line. The measured temperature at the heating sec-
tion outlet (dashed line) and the actual diversion temperature were calculated
with the aid of the Simulink model described above (Fig. 2.16), using a 6mm
RTD. The delay due to the whole control system (including actuator) has been
also taken into account. In the case shown in Fig. 2.15, the actual diversion
temperature was 2.4◦C lower than the scheduled diversion temperature. Some
simulations were carried out in order to determine the correct set-point to ensure
a safe F0 value in the worst case.
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Table 2.7: Procedure for effective flow diversion systems
Required inputs Scheduled process
Safety tube length
Whole delay due to control system
Rheological properties of product
Required instruments Model of the temperature probe that controls
flow diversion
Model of the heating section (optional)
1 Assessment of the event able to cause the more
serious transient state at the heating section out-
let (failure in the steam feed line)
2 Experimental or theoretical determination of
temperature trend due to the event
3 Simulation of temperature measurement by
means of the probe model
4 Determination of the minimum temperature of
product that will get into the holding tube
5 If actual diversion temperature is lower then the
nominal diversion temperature, scheduled pro-
cess is not delivered
6 Determination of the actual F value
7 If the calculated F value is not acceptable, in-
crease the set point at the heating section outlet
and the scheduled diversion temperature
8 Repeat points 3 to 6 until the minimum F value
is satisfactory
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Figure 2.15: Determination of the actual diversion temperature if a RTD with
τ = 10s is used
2.3.4 Conclusions
Flow diversion is a matter of concern for Food Hygiene in Aseptic Processing and
Packaging Systems. The relevant standards and guidelines have been examined:
since the Aseptic Processing is a widely used and well-established technology,
there is quite a lot of available material. The flow diversion topic is also addressed,
particularly by EHEDG Guidelines which describe the main issue to be considered
during equipment design. The correct choice of the temperature probe, focusing
on dynamic response, plays an important role in the successful design of a flow
diversion system. A study was carried out in order to determine the time constant
of some RTD models usually installed in the Aseptic Systems. A procedure, which
also includes simple simulation tools, has been developed in order to properly
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Figure 2.16: Simulink model of RTD probes
design the flow diversion device (Table 2.7).
A real case study shows that industrial RTD probes are not adequate for short
flow diversion devices. A properly combined choice of components and design of
process and equipment, taking into consideration the transient behaviours, is the
right solution for effective flow diversion systems design. Finally this research
shows that it is necessary to have more regard to standards and guidelines: the
developed procedure allows the assurance of safety by properly setting the sched-
uled process parameters even if the safety length is not adequate. In this case a
superfluous cooking value is applied, together with nutritional and sensorial dam-
age of the final product. On the contrary fully compliant equipment will allow
process optimization along with efficient energy use. Therefore the proposed pro-
cedure is a useful tool, not only for validation but also for process and equipment
design.
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2.4 A method for the validation of aseptic pack-
ing machines
A comprehensive procedure for the validation of an aseptic packing machine has
been developed. Particularly the procedure has been developed for the aseptic
packing of particulate foods into spoutless bags. Anyhow the methodology can
be applied to other aseptic packing machine typologies.
The considered packing machine consists of:
 a chamber for the sprinkling of the H2O2/water solution on the external
surfaces of the internally sterilized sealed bags
 a chamber for the activation of the H2O2/water solution by means of warm
air and the sterilization of the external surfaces of the internally sterilized
sealed bags
 a chamber for the cutting, filling and sealing of the bags
The last chamber is sterilized by means of steam, and the bacteria-tightness
is ensured by overpressure of sterile air. The bags are internally presterilized and
sealed. The external surfaces are sterilized by H2O2 + hotair.
The aim of the procedure is to validate the cleanability, sterilizability and
bacteria-tightness of the packing machine, so three test methods are at least re-
quired. A preliminary check of compliance of the packing machine to the available
regulations, standards and guidelines (materials, hygienic design, monitoring &
control) is also scheduled.
2.4.1 Cleanability of the filling equipment (filler)
The following procedure has been developed:
1. All parts are dismantled, then all surfaces are cleaned and degreased and
finally the equipment is reassembled.
2. The equipment is filled with a product with adhesiveness to stainless steel
(e.g. pasteurized cream with minimum fat content 20%). The product
65
2.4 A method for the validation of aseptic packing machines
is recirculated for 24 hours with three 10 minutes stops. A fat-soluble
colouring (e.g. β-carotene, lycopene, E110) is added to the product in
order to allow visual detection of residues.
3. The scheduled draining, CIP, and rinsing are performed
4. All parts are dismantled and visually inspected.
2.4.2 Cleanability of the filling zone
The following procedure has been developed:
1. All parts are dismantled, then all relevant surfaces are cleaned and de-
greased and finally the equipment is reassembled.
2. The filling equipment is filled with the previously used product, and the
chamber is soiled, simulating the malfunctioning of the machine.
3. 4 hours drying with air.
4. The scheduled CIP, and rinsing are performed.
5. All parts are dismantled and visually inspected.
2.4.3 Sterilization of the filling equipment (filler)
For challenge test on the effectiveness of sterilization systems based on the use
of moist heat (saturated steam or water), all international scientific-technical
sources suggest the use of spores of Geobacillus stearothermophilus, particularly
strain ATCC 7953 (NCA or 1518, NCTC 10003, DSM 5934, CIP 52.81) (Bernard
& et al. (1993); Ito & Stevenson (1984)). These spores are characterized by
higher heat resistance (D1211 − 4min.) compared to the spores of C. botulinum
(D1210.25min.), so 3 − D to an inoculum of G. stearothermophilus are at least
equal to 12 − D to C. botulinum (F = 3), the ”Botulinum Cook” generally
accepted as appropriate by the US-FDA and explicitly stated by the Food Safety
and Inspection Service of the U.S. Department of Agriculture (Anon (2001b)) and,
recently, also by EFSA (4Anon (2005)). The heat resistance of bacterial spores
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can greatly vary depending on the conditions of sporulation and preservation.
Therefore, in the validation tests it is necessary to know in advance the effective
heat resistance of the spores used, which can be purchased as a suspension ready
for use or dehydrated. If heat-certified spore suspensions are not available , the
heat resistance has to be be determined. To this end, you can use glass capillaries
filled with a spore suspension of suitable concentration, closed to the flame and
subjected to treatment as isothermal as possible at different temperatures and
times, with subsequent cooling in a bath of water and ice.
The following procedure has been developed:
1. All parts are dismantled, cleaned and degreased. In the wide surfaces the
critical points are located and the corresponding 1cm2 surfaces are high-
lighted with a felpt-tip pen.
2. The little parts (also gaskets) and the located areas are wet with hydroal-
cholic suspension (ethanol 40 − 70%) of about 106 Geobacillus stearother-
mophilus cfu/ml, with known heat resistance, dosed with an Eppendorf
pipette.
3. At least 2 hours drying.
4. The equipment is reassembled
5. after 16 hours, the inoculated surfaces are wet with a Ringer solution with
added 10% Tween 20, by means of swabs. Wring the swabs before use and
standardize the method of swabbing (direction, force applied, number of
smears).
6. Each swab is broken and entered into a container that contains appropriate
Ringer solution and stirred in vortex for 2 minutes at high speed
7. Serial dilution with Ringer solution, put into plates (three replicates) with
suitable nutrient and set at 55◦C for 3 days (72 hours). Determine the most
probable number of spores found active and calculate the spores recovery
percentage
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8. The steps 1,2,3,4 are repeated and the scheduled equipment sterilization is
performed
9. The steps 6,8,9 are repeated.
10. Calculate the Log reduction applied to the spores in all located areas.
The procedure should be repeated two times (or more if results are not reliable)
with minimum 10 checked areas.
2.4.4 Sterilization of the filling zone
The following procedure has been developed:
1. 10 critical areas are located. It should be examined the possibility to attach
on such surfaces 5x20mm stainless steel strips (or different shape with the
same surface area).
2. Arrange 15 stainless steel strips and attach a double-sided tape to a face.
3. Inoculate the free face of 12 strips with 0.1ml of a hydroalcholic suspension
(ethanol 40 − 70%) of about 106 Geobacillus stearothermophilus cfu/ml,
with known heat resistence, dosed with an Eppendorf pipette. Highlight
with a felpt-tip pen the non inoculated strips.
4. At least 16 hours drying into codified opened plates.
5. Attach 10 inoculated strips to the previously located critical areas and also
the 3 non inoculated strips.
6. Start the scheduled equipment sterilization process.
7. Air flux for cooling
8. Take the strips and put them into their codified plates
9. The inoculated surfaces of all strips are wet with a Ringer solution with
added 10% Tween 20, by means of swabs. Wring the swabs before use and
standardize the method of swabbing (direction, force applied, number of
smears).
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10. Each swab is broken and entered into a container that contains appropriate
Ringer solution and stirred in vortex for 2 minutes at high speed
11. Serial dilution with Ringer solution, put into plates (three replicates) with
suitable nutrient and set at 55◦C for 3 days (72 hours). Determine the most
probable number of spores found active in all strips
12. Calculate the Log reduction applied to the spores in all located areas.
The procedure should be repeated two times (or more if results are not reliable)
with minimum 10 checked areas.
2.4.5 Decontamination of the external surfaces of the pack-
ing material
For sterilization by hydrogen peroxide, the use of spores of the following bacillus
strains has been proposed:
 Bacillus subtilis var. globigii (NCIB 8058, ATCC 9372, NCA 7552): in 30%
H2O2 at 30
◦C is much more resistant to other Bacilli (Ito et al. (1973)).
In 25.8% H2O2 ,at 24
◦C, D = 2 minutes, 0.92 minutes at at 40◦C and,
based on a zvalue calculated for at 30◦C, 5.5 seconds at at 80◦C (Toledo
et al. (1973)). In the method Elopak No. 644, 95-08-11, Filler Sterility Test
(Anon (2001a)) at least 5-D are acceptable.
 Bacillus subtilis SA22 (NCA 72-52; DSM ATCC 4181): in 25.8% H2O2 at
24◦C, D = 7.3 minutes, compared to 2 minutes of B. subtilis var. globigii
and 1.5 minutes for B. stearothermophilus (Toledo et al. (1973)). in 29.5%
H2O2 at 65
◦C, D = 0.05 minutes (Leaper (1984)). The method proposed
by Cerny (1992) and recommended by the EHEDG Doc.21 (Anon (2001a))
for the validation of sterilization of the inner surface of packing material
considers acceptable the application of at least 4-D. The VDMA 2006 / N.
14 (VDMA (2006)) for external sterilization of containers by H2O2, consid-
ers acceptable at least 3−D. While the VDMA 2003 / N. 8 (VDMA (2003))
about sterilizing the sterile zone in machine interior considers acceptable at
least 4−D in all critical areas.
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 Bacillus subtilis A: recommended for treatment with H2O2 and UV (Rei-
dmiller et al. (2003)), and also for mixtures of H2O2 and peracetic acid
(Blakistone et al. (1999)). In the BOSCH Machine Pre-sterilization proce-
dures (Anon (2001a)), samples inoculated with 104, 105 and 106 spores are
used (the acceptability of at least 5−D is inferred).
 Geobacillus stearothermophilus (ATCC 7953/12980; NCTC 10003/10007;
DSM 494/22/5934; CIP 52.81): in 30% H2O2 at 30
◦C has much lower
resistance to B. subtilis var. globigii but also to B. subtilis A, while at
87.8◦C has a heat resistance slightly less than B. subtilis var. globigii, and
greater than B. subtilis A (Ito et al. (1973)). In 28.5% H2O2 at 24
◦C it
has less resistance than B. subtilis SA22 and just below heat resistance
of B. subtilis var. globigii (Toledo et al. (1973)). In oxonia® at room
temperature it has less heat resistance than B. subtilis A and about the same
heat resistance of the B. subtilis var. globigii (Blakistone et al. (1999)).
In H2O2 vapour, however, it has the highest resistance (McDonnell et al.
(2002)).
There are no Bacilli spores used as biological indicators with a certificate of
resistance to treatment with H2O2. This resistance, in fact, depends, in addition
to the strain, on the operating conditions that may be very different (dip or
fill, spray, spray and condensation, at different concentration and temperature,
followed by sterile rinse or treatment with hot air at different temperature). The
available data on resistance to treatment with H2O2 of spores of C. botulinum
are very poor and mostly for dipping treatment at room temperature. The only
research about post-treatment with hot air allows direct comparison with the
spores of G. stearothermophilus, which are at least 3.3 times more resistant than
those of the more resistant strain of C. botulinum (Ito et al. (1973)). Using
sporicidal H2O2+air55−85
◦C, 4−D applied to spores of G. stearothermophilus
are more than 12 − D for the most resistant spores of C. botulinum. In cold
oxonia (dipping), the spores of G. stearothermophilus have resistance at least 4.5
times greater compared to the more resistant spores of C. botulinum (Blakistone
et al. (1999)). At the present time the spores of G. stearothermophilus are used as
biological indicator to validate the sterilizing effect of H2O2 in the vapour phase
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(Kokubo et al. (1998)). Therefore, it is considered preferable the use of spores of
G. stearothermophilus, compared to other Bacilli, since it is possible to inoculate
and manipulate without the need of nominally aseptic conditions.
The following procedure has been developed:
1. Locate 4 critical spots of the bags, depending on the H2O2 and hot air
fluxes. Check the possibility to apply rectangular strips (5x70mm) of plastic
laminate and codify their position as A, B, C and D.
2. Cut 50 strips form bag samples. Apply on a face of the strips a double-sided
tape. With indelible pen, divide the other side of the samples with vertical
marks so as to have, starting from the left, an area 10 mm to be used for
manipulation and 3 large areas adjacent 20 mm.
3. Using a micropipette Eppendorf, inoculate the three 20 mm areas of 42
samples with 0.1ml of a hydroalcoholic suspension (ethanol 40 − 70%) at
three different dilutions, approximately 104, 105 and 106cfu/ml spores of
Geobacillus stearothermophilus.
4. Allow to dry completely inoculated samples and store them in open Petri
plates in a dryer for at least 16 hours before using. Extract the samples to
be used and close and codify their plates.
5. Arrange 150 sterile tubes with suitable nutrient and 200EU/ml of catalase.
6. Attach with the tape the inoculated strips on 4 critical spots of 10 numbered
bags, taking care not to touch the surface inoculated. Activate the cycle of
H2O2 sterilization and hot air. Take the samples, taking care not to touch
the surface inoculated, cut the three parties with different inoculation and
insert each one in a tube encoded with the number of the bag, the letter of
the critical point and the level of inoculation.
7. Repeat the previous step for 2 bags on which not inoculated strips have
been glued.
8. Fill in the remaining 6 tubes the 6 part of the 2 strips not subjected to
sterilization.
71
2.4 A method for the validation of aseptic packing machines
9. Set at 55◦C for 3 days (72 hours).
10. Express the results as completely inactivated maximum inoculum for each
critical point of each bag. The result is to be considered acceptable if in all
the samples inoculated there was at least the complete inactivation of 104
cfu. The test of the not inoculated and treated should be negative, while
those inoculated and untreated should be positive.
The whole procedure should be repeated at least 2 times (with more repetitions
if the results differ significantly).
2.4.6 Bacteria tightness of the filling zone
1. Under a laminar flow hood, open at least 4 bags, sprinkle the culture broth
TSB (trypticase soy 15gl-1) on the inner surface and close as possible to
exclude the air.
2. Inoculate the outside of the chamber by sprinkling spraying or injecting
in the crevices a suspension of Serratia marcescens (Anon (1993c)) to
108cfu/ml in TSB (operators must wear a protective mask over the nose
and mouth).
3. A bag is inserted into the packing machine and, after the introduction into
the chamber with the sterile air flux running the bag is cut, maintained
opened for 4 hours in the filling position,eh but with the dosing valve closed
before the closure.
4. After incubation at 30◦C for 5 days, the bags are opened to check for the
growth of Serratia marcescens.
2 trials are required. After each test, sterilize the inside and the outside of the
filling area.
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Chapter 3
Results
THE created instruments, shown in Chapter 2 have been tested on real equip-ments and products. A good survey on the implementation of Hygienic
Design in the Italian food industry is the result of the wide use of the check-
list. In some cases the developed approach allowed also to solve food hygiene
problems. Since there is the need, not only for scientific research, but also for
dissemination and training, the Italian Section of the EHEDG has been set up in
Parma, which is, at the present time, also the site of the European Food Safety
Authority. Several companies have been involved and the activities of the section
are increasing and spreading.
3.1 A Survey on implementation of Hygienic
Design in the Italian Food Industry
A survey is a really demanding activity, mainly when several parties are involved.
Moreover Hygienic Design is an unfamiliar issue and the awareness of the food
industry about the importance of this topic is probably quite low. In the literature
there are some surveys on the contamination of final food products (e.g. Beuchat
(1996), Bijker et al. (1987), Bjrkroth (2005), Brackett (1999), Chavasit et al.
(2006), Davies et al. (2001), Franciosa et al. (1999), Kolodziejska et al. (2002),
Houben (2005), Nguz et al. (2005), Nrrung et al. (1999), Siriken et al. (2006),
Tournas (2005), Vitas & Garcia-Jalon (2004)), several on the implementation of
73
3.1 A Survey on implementation of Hygienic Design in the Italian
Food Industry
quality assurance schemes and HACCP principles (e.g. Bai et al. (2007), Bas
et al. (2006), Conter et al. (2007), Fearne et al. (2001), Hielm et al. (2006), Jin
et al. (2008), Scott et al. (2009), Violaris et al. (2008) ), some on the food safety
perspective and behaviour of consumers (e.g. Angulo & Gil (2007), Jevsnik et al.
(2008), Ragaert et al. (2004), Rohr et al. (2005), Smith DeWaal (2003), Wang
et al. (2008), Worsfold & Griffith (1995)), a few about the contamination of
food equipments (e.g. Gounadaki et al. (2008)) and any about implementation of
hygienic design in the food industry (just one survey that deals also with hygienic
design was found (Kuhn et al. (2004))). For this reason a survey in the Italian
food industry has been carried out on this topic. The check-list described in the
§2.1 was used.
With the collaboration of some food companies and one equipment manufac-
turer 5 heat treatment plants
 3 plants for the heat treatment of tomato products
 1 plant for the heat treatment of low-acid soya products
 1 plant for the heat treatment of low-acid pasta sauces
and 1 aseptic packing machine were checked. Several layouts have been
tested and in all cases the check-list has proved to be effective. The compliance
of the material used in the packing machine has been also checked. Many non
conformities were found and they were grouped into two categories: some non
conformities are able to cause a lower F value, compared to the scheduled process
(Table 3.1). The others can cause recontamination of the product (Table 3.2)
(Obviously all non conformities found in the packing machine belong to the second
category). There is also a non conformity that belongs to both categories: lack
of monitoring and control.
Hygienic design mainly deals with cleanability and drenability. Many exam-
ples of lack of cleanability and drenability of the checked equipments could be
shown, for instance pipe and component coupling, valves, wrong installation of
components etc.. Unfortunately, for privacy reason, it is not possible to include
photos of the checked equipment in this PhD thesis.
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Table 3.1: Some non conformities that cause a lower F value
- Incorrect slope of holding tubes
- Incorrect pressure control in the holding tubes
- Not sufficient length of the “safety tube”
- Product outlet and inlet at the same height in the heat exchang-
ers
- Cleanability problems upstream the holding section
- Drenability problems upstream the holding section
- Supports for piping or equipment not fabricated and installed
such that no water or soil can remain on the surface
Table 3.2: Some non conformities that cause recontamination
- Lack of appropriate methods to ensure a positive pressure dif-
ference between the sterile product and cooling medium
- Connections and mechanical seals not aseptically designed in
the sterile area
- Cleanability problems downstream the holding section
- Drenability problems downstream the holding section
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3.2 Estimation of thermal diffusivity of several
foods
Go to the §2.2.4 to see the estimated thermal diffusivity of some food products.
3.3 Validation on an aseptic packing machine
With the collaboration of an equipment manufacturing company it was possible to
test the validation procedure shown in §2.4. Unfortunately it was not possible to
test the cleanability of the filler and the filling zone, because the CIP equipment
was not available at the time of the test. The microbiological tests have been
carried out by the Food Microbiology Research Group of the Agriculture Faculty
of the Parma University. The results of the performed tests are reported in the
following:
3.3.1 Sterilizability of the filling equipment (filler)
Three critical spots has been located:
 Top gasket (external)
 Top gasket (internal)
 Bottom gasket
The located spots have been inoculated with 100µl of a suspension of about 106
spores /100µl. Another gasket has been inoculated as control sample. After the
scheduled drying the gaskets have been reassembled in the filler and the scheduled
sterilization process has been performed. The recovery of the spores have been
carried out by means of sterile swabs, wet with Ringer solution. Afterwards the
swabs have been inserted into sterile tubes filled with 5ml Ringer solution. The
tubes have been stirred in vortex and then the samples have been serially diluted
in Ringer solution. 1 ml of each dilution has been inoculated in Petri plates with
TSA. The plates have been set at 55◦C for 72 hours. Finally the colonies have
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Table 3.3: Sterilizability of the filler
Critical spot ufc/spot Log Log reductions
Top gasket (external) < 5 0.7 4.7
Top gasket (internal) < 5 0.7 4.7
Bottom gasket < 5 0.7 4.7
Control sample 2.50 · 105 5.40 —
been counted and the number of active spores has been calculated by means of
the equation 3.1:
NS =
ΣC
(1 · na+ 0.1 · nb+ 0.01 · nc)d
(3.1)
The control sample has been treated with the same procedure in order to
determine the recovery ratio of the method. Results are shown in Table 3.3
3.3.2 Sterilizability of the filling zone
Used strips:
 little strips (P) 20x5mm
 big strips (G) 60x10mm
26 critical spots have been located in the filling zone. 27 strips, 23 G and
3 P and 1 control sample, have been inoculate under laminar hood with con
100 l of a suspension of about 106 spore/100l of Geobacillus stearothermophilus.
The strips have been dried and subsequently attached to the critical spots. The
scheduled equipment sterilization process has been performed. After the cooling,
the strips have been recovered ed inserted in sterile tubes filled with 5ml (fro
strips G) or 1ml (for strips P) of Ringer solution. The tubes have been stirred in
vortex and then the samples have been serially diluted in Ringer solution. 1 ml
of each dilution has been inoculated in Petri plates with TSA. The plates have
been set at 55◦C for 72 hours. Finally the colonies have been counted and the
number of active spores has been calculated by means of the equation 3.1. The
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control sample has been treated with the same procedure in order to determine
the recovery ratio of the method. Results are shown in Table 3.4.
3.3.3 Decontamination of the packing material
Quantitative tests: 72 strips 80x10mm have been divided into 3 areas and each
area has been respectively inoculated with about 104, 105 e 106 spore per area.
After the scheduled drying, the strips have been glued on 12 bags, in correspon-
dence to 6 critical spots (A, B, C, D, E, F) (Fig. 3.1). 4 not inoculated bags have
been arranged as control samples.
Figure 3.1: Critical spots on the external surfaces of the bags
The 16 bags have been sterilized in the machine according to 5 scheduled
processes.
I .bags 1, 2, 3 e 4 (control)
II .bags 5, 6, 7 e 8 (control)
III .bags 9, 10 e 11 (control)
IV .bags 12, 13 e 14 (control)
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Table 3.4: Sterilizability of the filler
Critical spot ufc/spot Log Log reductions
1G < 5 0.7 4.41
2G < 5 0.7 4.7
3G < 5 0.7 4.7
4G < 5 0.7 4.41
5G < 5 0.7 4.41
6P < 10 1.0 4.10
7G < 5 0.7 4.41
8P < 10 1.0 4.10
9P < 10 1.0 4.10
10G < 5 0.7 4.41
11G < 5 0.7 4.41
12G < 5 0.7 4.41
13G < 5 0.7 4.41
14G < 5 0.7 4.41
15G < 5 0.7 4.41
16G < 5 0.7 4.41
17G < 5 0.7 4.41
18G < 5 0.7 4.41
19G < 5 0.7 4.41
20G < 5 0.7 4.41
21G < 5 0.7 4.41
22G < 5 0.7 4.41
23G < 5 0.7 4.41
24G < 5 0.7 4.41
25G < 5 0.7 4.41
26G < 5 0.7 4.41
27G < 5 0.7 4.41
28G < 5 0.7 4.41
Control sample < 1.27 · 105 5.10 —
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V .bags 15 e 16
Afterwards the 3 areas of each strip have been cut and inserted in sterile tubes
filled with 5ml TSB, set at 55◦C for 72h. The inactivation has been evaluated by
means of turbidity test. Results are shown Appendix A Many unreliable results
shows that the effectiveness of the decontamination process is heterogeneous.
Quantitative tests: 36 bags have been inoculated directly on their surfaces, in
correspondence to 6 critical spots (A, B, C, D, E, F) with about 106spores/spot.
11 bags have not been inoculated (one bag for each different treatment) and have
been used as reference samples. After the scheduled drying the bags have been
treated according to 11 different scheduled processes. Afterwards the spores have
been recovered into 2 or 3 ml of Ringer solution. The tubes have been stirred in
vortex and then the samples have been serially diluted in Ringer solution. 1 ml
of each dilution (until 10−2 has been inoculated in Petri plates with TSA. The
plated have been set at 55◦C for 72h. Finally the colonies have been counted and
the number of active spores has been calculated by means of the equation 3.1. A
test has been carried out in order to estimate the recovery ratio of the method: a
spot of a bag has been inoculated with 106 spores. After drying the spores have
been recovered according to the same method described above. The recovered
contamination was 1.71 · 105cfu, equal to Log 5.23. Results are shown Appendix
B
3.3.4 Bacteria-tightness of the filling zone
Firstly the internal sterility of the bags has been checked. 10 bags have been
filled with 40ml TSB in aseptic conditions. The broth has been then recovered
and poured into 3 sterile tubes, and set at 20◦C, 37◦C, 55◦C for 72 hours. Finally
the contamination has been evaluated by means of turbidity test. All checked
bags proved to be sterile. Afterwards the bacteria-tightness of the filling zone
has been checked. 4 bags have been cut under laminar hood, filled with 10ml
sterile TSB and then thermally sealed. According to the scheduled procedure
the bags has been inserted into the machine, where they stopped (opened) for
4 hours). Afterwards the bags have been set at 30◦C for 72 hours. Finally the
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contamination has been evaluated by means of turbidity test. All checked bags
were sterile and so the absence of environmental contamination has been proved.
3.4 EHEDG Italian Section set-up
(From www.ehedg.org) The European Hygienic Engineering and Design Group
(EHEDG) is a consortium of equipment manufacturers, food industries, research
institutes and public health authorities, founded in 1989 with the aim to promote
hygiene during the processing and packing of food products. European legisla-
tion requires that handling, preparation, processing, packaging, etc. of food is
done hygienically, with hygienic machinery in hygienic premises ( the food hy-
giene directive, the machine directive and the food contact materials directive).
How to comply with these requirements, however, is left to the industry. EHEDG
provides practical guidance on hygienic engineering aspects to help complying to
these requirements. As food safety does not end at the borders of Europe, the
EHEDG actively promotes global harmonization of guidelines and standards. The
US-based organisations NSF and 3-A have agreed to co-operate in the develop-
ment of EHEDG Guidelines and in turn, EHEDG co-operates in the development
of 3-A and NSF standards. The objectives of EHEDG are :
 To provide guidance on the hygienic engineering aspects of manufacturing
safe and wholesome food.
 To provide guideline documents on essential hygienic design standards and
practices, based on science and technology, and to periodically review them.
These provide guidance to equipment manufacturers and users on compli-
ance with national and international legislation.
 To develop test methods that can be used by third parties for hygienic
design assessment to aid compliance with relevant legislation.
 To ensure that the use of the EHEDG name and logo is properly controlled.
 To identify areas where knowledge of hygienic design is insufficient and to
encourage research and development in such areas.
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 To provide a balanced forum for European food processing equipment man-
ufacturers, users and regulators to discuss issues on hygienic design to sup-
port food safety and wholesomeness.
The Regional Sections are a local extension of the EHEDG and are created
to promote hygienic manufacturing of food through regional activities. The main
activities of the Regional Sections are
 To translate the guidelines into the local language.
 To disseminate information to all concerned parties.
 To serve as a platform for discussion of hygienic engineering issues at na-
tional or regional level.
 To give help to equipment manufacturers for certification.
 To organize conferences and workshops about food hygiene.
 To identify areas where knowledge of hygienic design is insufficient and to
encourage research and development in such areas.
At the present time (January 2009) the website of the EHEDG shows 11 Re-
gional Sections, some of them still in development (Netherland, Germany, Spain,
Italy, France, Hungary, Portugal, Japan, Nordic countries, Poland, Switzerland).
The first meeting between the EHEDG and me took place at Frankfurt on
November 2006. Afterwards several companies were contacted in order to create
a promoter group for the kick start of the Italian Section. The list of com-
panies, research institutions and authorities which joined the project is shown
in Table 3.5. I wide meeting between the Promoter Group and the Executive
Committee of EHEDG took place at the University of Parma on March 2007.
The official opening of the Italian Section was the Conference ”Hygiene Require-
ments and Standards for Foodstuffs Machinery” which held at Fiere di Parma
(CIBUSTEC2007) on 17 October 2007, organized by Fiere di Parma and the
University of Parma. The speakers were Roberto Massini (University of Parma,
TECAL), Riccardo Giambelli (TIFQ), Maurizio Podico (TIFQ), Knuth Loren-
zen (GEA, EHEDG President), Giampaolo Betta (me) (University of Parma,
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Table 3.5: Promoter group of the Italian Section of the European Hygienic En-
gineering and Design Group
Equipment manufacturers
CFT Rossi&Catelli
JBT FoodTech
GEA Niro-Soavi
GEA Procomac
PNR Italia
Sidel
Food companies
Barilla G.e F.Fratelli
Parmacotto
Parmalat
Sangemini
Research institutions
Universita´ degli Studi di Parma
Stazione Sperimentale per l’Industria delle Conserve Alimentari
Publich heath authorities
Italian Health Ministry
Italian Section EHEDG, TECAL), Giancarlo Belluzzi (Italian Health Ministry),
and Eirini Tsigarida (European Food Safety Authority EFSA). The slides of their
presentations are available at the URL www.ehedg.unipr.it.
The activities completed by the Italian Section, according to the main regional
sections aims (dissemination and translation), are summarized in Table 3.6.
On 7 November 2008 I joined the Regional Sections Meeting at Ljubljana.
The meeting attracted 27 representatives from 12 countries many of them having
recently joined the EHEDG network or willing to do so in the near future. The
participants reported about their recent and future activities. President Knuth
Lorenzen informed the participants about the general EHEDG tasks and objec-
tives and some Subgroup Chairmen introduced the technical work of the EHEDG
expert teams. The participants are shown in the reported photo (Fig. 3.2).
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Table 3.6: EHEDG Italian Section activities
- Italian Section Web-site (www.ehedg.unipr.it)
- Conference ”Hygiene Requirements and Standards for Food-
stuffs Machinery” - 17 October 2007 (Fiere di Parma, CI-
BUSTEC2007)
- Doc.8 translation “Hygienic Equipment Design Criteria”
- Doc.34 translation “Integration of hygienic and aseptic systems”
(in preparation)
Figure 3.2: EHEDG Regional Section Meeting at Ljubljana
I have also published on the journal Trends in Food Science & Technology a
short report of the Italian Section activities (Betta (2009)).
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Chapter 4
Conclusions
AN alarming scenario appears from a wide bibliographic study: foodborneinfections cause several million cases of human illness and many thousands
deaths annually in the western world; the lack of Hygienic Design of equipment
is in the top 4 of the most important food safety problem in the food industry;
Hygienic Design is an unfamiliar issue and the awareness of the food industry
about the importance of this topic is quite low; moreover a few articles on this
topic are available in the literature and there is in Europe just one organization
(the EHEDG) really active in the development of documents on this topic.
The huge lack of knowledge and research on the above said topic justifies this
PhD thesis in which a whole approach for the assurance of the Food Hygiene
has been developed. The case of aseptic processing and packaging systems has
been handled, since thermal processing and aseptic packing is one of the most
important operations in food industry.
Several procedures, tools and methods have been developed and then tested
on real equipments and products.
In order to achieve Food Hygiene the first step is the examination of all rel-
evant regulations (clear but sometimes semi-forgotten, think through the EU
machinery directive for instance). A check list for the evaluation of compliance
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of aseptic processing and packaging systems to the European and US regulations,
the European and international standards and the European and international
guidelines has been developed. The use of the check-list leaded to a wide survey
on the implementation of Hygienic Design in the Italian food industry.
Since the correct knowledge of thermal properties is essential for efficient and
economical design and control of all food processing operations involving heat
transfer, a method for the quick estimation of thermal diffusivity of foods has been
developed. The method (software + measuring cell) has been used to calculate
the thermal diffusivity of several foods intended for heat treatment.
Flow diversion is a matter of concern for Food Hygiene in Aseptic Processing
and Packaging Systems. The above said survey showed that the most part of the
checked flow diversion divices are not effective. A procedure for the correct design
and setting of the flow diversion device has been created. A simple software has
been also developed. The use of the procedure allowed the correct setting of
a flow diversion device improperly designed. Particularly this study shows how
guidelines are able to avoid bad design of equipment.
In many cases the scientific design of the process and the hygienic design of
equipment are not sufficient to ensure safety and suitability of the product. In
such cases validation tests are necessary to check and ensure the effectiveness
of the process. Aseptic packing machines are really complex equipment and at
the present time it was not possible to completely hygienically design a packing
machine of this sort. A method for the validation of aseptic packing machines
has been developed and the proposed tests have been used on a packing machine
for filling of spoutless bags.
As shown by the bibliographic study training is one of the most important
needs in the food industry. In order to spread the discussion on Hygienic Design
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and the dissemination of this approach, the Italian Section of the EHEDG has
been set up in Parma. It was and is a very demanding activity but also very
rewarding and formative, since it requires the on-going relationship with people
from the whole Europe and also from China and Japan. Several companies have
been involved and the activities of the section are increasing and spreading.
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Appendix A
Validation: decontamination of
packing material
A.1 Appendix: qualitative test
The results of the qualitative test on the effectiveness of the decontamination
of the bags by means of H2O2 is shown in the following Tables. “n.a” shows
an unreliable result since absence of turbidity was found in sample inoculated
with a higher concentration (−) and growth was found in samples inoculated
with a lower concentration (+). The result is probably due to the heterogeneous
effectiveness of the decontamination process on the bags surfaces.
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A.1 Appendix: qualitative test
Figure A.1: Treatment I
Figure A.2: Treatment I
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A.1 Appendix: qualitative test
Figure A.3: Treatment I
Figure A.4: Treatment I
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A.1 Appendix: qualitative test
Figure A.5: Treatment II
Figure A.6: Treatment II
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A.1 Appendix: qualitative test
Figure A.7: Treatment II
Figure A.8: Treatment II
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A.1 Appendix: qualitative test
Figure A.9: Treatment III
Figure A.10: Treatment III
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A.1 Appendix: qualitative test
Figure A.11: Treatment III
Figure A.12: Treatment IV
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A.1 Appendix: qualitative test
Figure A.13: Treatment IV
Figure A.14: Treatment IV
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A.1 Appendix: qualitative test
Figure A.15: Treatment V
Figure A.16: Treatment V
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Appendix B
Validation: decontamination of
packing material
B.1 Appendix: quantitative test
The results of the quantitative test on the effectiveness of the decontamination
of the bags by means of H2O2 are shown in the following Tables.
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B.1 Appendix: quantitative test
Figure B.1: Treatment I
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B.1 Appendix: quantitative test
Figure B.2: Treatment II
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B.1 Appendix: quantitative test
Figure B.3: Treatment III
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B.1 Appendix: quantitative test
Figure B.4: Treatment IV
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B.1 Appendix: quantitative test
Figure B.5: Treatment V
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B.1 Appendix: quantitative test
Figure B.6: Treatment VI
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B.1 Appendix: quantitative test
Figure B.7: Treatment VII
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B.1 Appendix: quantitative test
Figure B.8: Treatment VIII
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B.1 Appendix: quantitative test
Figure B.9: Treatment IX
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B.1 Appendix: quantitative test
Figure B.10: Treatment X
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B.1 Appendix: quantitative test
Figure B.11: Treatment XI
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B.1 Appendix: quantitative test
Figure B.12: Treatment XI
109
References
Abgueguen, P., Delbos, V., Chennebault, J., Fanello, S., Brenet,
O., Alquier, P., Granry, J. & Pichard, E. (2003). Nine cases of food-
borne botulism type b in france and literature review. European journal of
clinical microbiology & infectious diseases : official publication of the European
Society of Clinical Microbiology , 22(12), 749–752. 9
Abram, I., Baumback, F., Curiel, G.J., Harrison, D.C., Peschel, P.,
Quente, S., Sondergaard, B., Thomaschki, S. & Tuuslev, T. (1996).
Hygienic requirements on valves for food processing. Document, European Hy-
gienic Equipment Design Group, (14), 18pp. 29
Anderson, B., Sun, S., Erdogdu, F. & Singh, R. (2004). Thawing and
freezing of selected meat products in household refrigerators. International
Journal of Refrigeration, 27, 63–72. 42
Angulo, A.M. & Gil, J.M. (2007). Risk perception and consumer willingness
to pay for certified beef in spain. Food Quality and Preference, 18, 1106–1117.
74
Anon (1993a). Hygienic design of closed equipment for the processing of liquid
food. Trends in Food Science & Technology , 4(11), 375–379 ; 7 ref. 29
Anon (1993b). Hygienic equipment design criteria. Trends in Food Science &
Technology , 4(7), 225–229 ; 11 ref. 29, 30
110
REFERENCES
Anon (1993c). A method for the assessment of bacteria tightness of food-
processing equipment. Trends in Food Science & Technology , 4, 190–192. 29,
31, 72
Anon (1993d). A method for the assessment of in-line pasteurization of food-
processing equipment. Trends in Food Science & Technology , 4, 52–55. 29
Anon (1993e). A method for the assessment of in-line steam sterilizability of
food-processing equipment. Trends in Food Science & Technology , 4, 80–82.
29, 31
Anon (1993f). The microbiologically safe continuous-flow thermal sterilization of
liquid foods. Trends in Food Science & Technology , 4, 115–121. 29
Anon (1993g). Welding stainless steel to meet hygienic requirements. Trends in
Food Science & Technology , 4, 306–310. 29
Anon (1994a). The continuous or semicontinuous flow thermal treatment of par-
ticulate foods. Trends in Food Science & Technology , 5, 88–95. 29
Anon (1994b). Hygienic design of valves for food processing. Trends in Food
Science & Technology , 5, 169–171. 29
Anon (1994c). Hygienic design of valves for food processing. Trends in Food
Science & Technology , 5(5), 169–171 ; 3 ref. 29
Anon (1994d). [the european hygienic equipment design group (ehedg). the 11
publication of the ehedg.]. Process , (1095), 50, 52. 29
Anon (1995a). Hygienic design of equipment for open processing. Trends in Food
Science & Technology , 6, 305–310. 29
Anon (1995b). Hygienic design of equipment for open processing. Trends in Food
Science & Technology , 6(9), 305–310 ; 8 ref. 29
Anon (1997a). Hygienic pipe couplings. Trends in Food Science & Technology ,
8, 88–92. 29
111
REFERENCES
Anon (1997b). Hygienic pipe couplings. Trends in Food Science & Technology ,
8(3), 88–92 ; 3 ref. 29
Anon (1997c). A method for the assessment of in-place cleanability of
moderately-sized food processing equipment. Trends in Food Science & Tech-
nology , 8, 54–57. 29
Anon (1997d). A method for the assessment of in-place cleanability of
moderately-sized food processing equipment. Trends in Food Science & Tech-
nology , 8(2), 54–57 ; 3 ref. 29, 31
Anon (1998). Code of federal regulation 21. food and drugs. .Washington, USA:
the Office of the Federal Register National Archives and Records Administra-
tion. 4
Anon (2001a). Challenge tests for the evaluation of hygienic characteristics of
packing machines for liquid and semi-liquid products. Trends in Food Science
& Technology , 12, 244–248. 29, 69, 70
Anon (2001b). February 27 2001 proposed rules. Federal Register , Volume 66,
Number 39. 66
Anon (2001c). General hygienic design criteria for the safe processing of dry
particulate materials. Trends in Food Science & Technology , 12, 296–301. 29
Anon (2001d). General hygienic design criteria for the safe processing of dry
particulate materials. Trends in Food Science & Technology , 12(8), 296–301 ;
4 ref. 29
Anon (2001e). Hygienic design and safe use of double-seat mixproof valves.
Trends in Food Science & Technology , 12(5/6), 203–206. 29
Anon (2004). Regulation (ec) no 852/2004 of the european parliament and of
the council of 29 april 2004 on the hygiene of foodstuffs. Official Journal of the
European Union, L 139, 1–54. 1, 3, 4
Anon (2005). Clostridium spp in foodstuffs. The EFSA Journal , 199, 1–65. 66
112
REFERENCES
Anon (2006a). Directive 2006/42/ec of the european parliament and of the coun-
cil of 17 may 2006 on machinery, and amending directive 95/16/ec (recast).
Official Journal of the European Union, L157, 24–86. 4, 5
Anon (2006b). Hygienic design of packing systems for solid foodstuffs. Trends in
Food Science & Technology , 17(1), 35–38 ; 4 ref. 29
Anon (2006c). Hygienic engineering of fluid bed and spray dryer plants. Trends
in Food Science & Technology , 17(11), 621–625. 29
Anon (2007a). Calculating thermocouple measurement error in dmm/switch
temperature measurement systems. Tech. rep., National Instruments. 49
Anon (2007b). Materials of construction for equipment in contact with food.
Trends in Food Science & Technology , 18(Suppl. 1), EHEDG Yearbook 2007,
S40–S50 ; 6 ref. 29
Anon (2007c). A method for assessing the in-place cleanability of food-processing
equipment. Trends in Food Science & Technology , 18, S54–S58. 29, 31
Anon (2007d). Production and use of food-grade lubricants. Trends in Food Sci-
ence & Technology , 18, S79–S83. 29
Anon (2007e). Safe and hygienic water treatment in food factories. Trends in
Food Science & Technology , 18, S93–S98. 29
Aureli, P., Di Cunto, M., Maffei, A., De Chiara, G., Franciosa,
G., Accorinti, L., Gambardella, A. & Greco, D. (2000). An outbreak
in italy of botulism associated with a dessert made with mascarpone cream
cheese. European Journal of Epidemiology , 16(10), 913–918. 9
Bai, L., Ma, C.l., Yang, Y.s., Zhao, S.k. & Gong, S.l. (2007). Implemen-
tation of haccp system in china: A survey of food enterprises involved. Food
Control , 18, 1108–1112. 74
Bairi, A., Laraqi, N. & Garcia de Maria, J. (2007). Determination of
thermal diffusivity of foods using 1d fourier cylindrical solution. Journal of
Food Engineering , 78(2), 669–675. 49
113
REFERENCES
Balaban, M. & Pigott, G. (1992). Thermal conductivity, heat capacity and
moisture isotherm of ocean perch at different moisture levels and temperatures.
Journal of Aquatic Food Product Technology , 1(2), 57–74. 38
Balderas-Lopez, J. & Mandelis, A. (2001). Simple, accurate, and precise
measurements of thermal diffusivity in liquids using a thermal-wave cavity.
Review of Scientific Instruments , 72(6), 2649–2652. 37
Ball, C. (1923). Thermal process time for canned foods, vol. 7. Bullettin 37
National Research Council, Whashington, DC. 38, 48, 52, 53
Ball, C. & Olson, F. (1957). Sterilization in food technology . McGraw-Hill,
New York. 38
Balsa-Canto, E., Alonso, A. & J., B. (2002). A novel efficient and reliable
method for thermal process design and optimization. part i. theory, (may) (),
pp. . Journal of Food Engineering , 52, 227234. 1
Bas, M., Ersun, A.S. & KIvan, G. (2006). Implementation of haccp and
prerequisite programs in food businesses in turkey. Food Control , 17, 118–126.
74
Beatty, M., Shevick, G., Shupe-Ricksecker, K., Bannister, E., Tulu,
A., Lancaster, K., Alexander, N., Zellner, D., Lyszkowicz, E.
& Braden, C. (2008). Large salmonella enteritidis outbreak with prolonged
transmission attributed to an infected food handler, texas, 2002. Epidemiology
and Infection, Forthcoming, 1–11. 6
Benigni, P. & Rogez, J. (1997). High temperature thermal diffusivity mea-
surement by the periodic cylindrical method: The problem of contact ther-
mocouple thermometry. Review of Scientific Instruments , 68(7), 2767–2773.
49
Bennett, J., Holmberg, S., Rogers, M. & Solomon, S. (1987). Infectious
and parasitic diseases. closing the gap: the burden of unnecessary illness. The
American Journal of the Medical Sciences , 3, 102–114. 5
114
REFERENCES
Bernal-Alvarado, J., Mansanares, A., da Silva, E. & Moreira, S.
(2003). Thermal diffusivity measurements in vegetable oils with thermal lens
technique. Review of Scientific Instruments , 74(1), 697–699. 37
Bernard, D. & et al. (1993). Principles of Aseptic Processing and Packaging
Food Processors Inst; 2nd edition. 66
Betta, G. (2009). Report ehedg italy. Trends in Food Science & Technology , In
Press, Accepted Manuscript, –. 84
Betta, G., Barbanti, D. & Massini, R. (2009a). Flow diversion in aseptic
processing and packaging systems: how guidelines allow avoiding bad design.
Trends in Food Science & Technology , In Press. 56
Betta, G., Rinaldi, M., Barbanti, D. & Massini, R. (2009b). A quick
method for thermal diffusivity estimation: application to several foods. Journal
of Food Engineering , 91(1), 34–41. 37
Beuchat, L.R. (1996). Listeria monocytogenes: incidence on vegetables. Food
Control , 7, 223–228. 73
Bijker, P.G.H., van Logtestijn, J.G. & Mossel, D.A.A. (1987). Bacte-
riological quality assurance (bqa) of mechanically deboned meat (mdm). Meat
Science, 20, 237–252. 73
Birus, T. (1997). Hygienisches betriebs- und anlagendesign - moeglichkeiten und
grenzen. Fluessiges Obst , 64(5), 243–244. 29
Bjrkroth, J. (2005). Microbiological ecology of marinated meat products.Meat
Science, 70, 477–480. 73
Blakistone, B., Chuyate, R., Kautter, D.J., Charbonneau, J. & Suit,
K. (1999). Efficacy of oxonia active against selected spore formers. vol. :. Jour-
nal of Food Protection, 62(3), 262–267. 70
Bolton, D., Meally, A., Blair, I., McDowell, D. & Cowan, C. (2008).
Food safety knowledge of head chefs and catering managers in ireland. Food
Control , 19, 291–300. 5
115
REFERENCES
Boyadjiev, I., Leone, M., Garnier, F., Thomachot, L. & Martin, C.
(2005). Un cas de botulisme de type a. Annales Franaises d’Anesthsie et de
Ranimation, 24, 1397–1399. 9
Brackett, R.E. (1999). Incidence, contributing factors, and control of bacterial
pathogens in produce. Postharvest Biology and Technology , 15, 305–311. 73
Calzona, V., Cimberle, M., Ferdeghini, C., Grasso, G., Putti, M.
& Siri, A. (1993). A new technique to obtain a fast thermocouple sensor for
thermal diffusivity measurements in an extended temperature range. Review of
Scientific Instruments , 64(12), 3612–3616. 37
Carbonera, L., Carciofi, B., Huber, E. & Laurindo, J. (2004). Ex-
perimental determination of thermal diffusivity in commercial tomato paste.
Brazilian Journal of Food Technology , 6(2), 285–290. 38, 39
Carciofi, B., Faistel, J., Aragao, G. & Laurindo, J. (2002). Determi-
nation of thermal diffusivity of mortadella using actual cooking process data.
Journal of Food Engineering , 55, 89–94. 38, 48
CDC (2000). Surveillance for foodborne disease outbreaks?united states,
1993?1997. MMWR Surveillance Summaries , 49 (SS01), 1–51. 5
CDC (2004). 2002 summary statistics: The total number of foodborne disease
outbreaks by etiology. Foodborne Outbreak Response and Surveillance Unit . 5
CDC (2007). Botulism associated with commercially canned chili sauce–texas
and indiana, july 2007. Centers for Disease Control and Prevention, MMWR
Morb Mortal Wkly Rep., 56(30), 767–769. 9
Cerny, G. (1992). Testing of aseptic machines for efficiency of sterilization of
packaging materials by means of hydrogen peroxide. Packaging Technology and
Science, 5, 77–81. 31, 69
Chavasit, V., Kunhawattana, S. & Jirarattanarangsri, W. (2006).
Production and contamination of pasteurized beverages packed in sealed plastic
containers in thailand and potential preventive measures. Food Control , 17,
622–630. 73
116
REFERENCES
Choi, Y. & Okos, M. (1983). The thermal properties of tomato juice concen-
trates. Transactions of the ASAE , 26, 305–311. 38
Choi, Y. & Okos, M.R. (1986). Thermal properties of liquids foods review .
M.R. ASAE, St. Joseph. Michigan. 37, 48, 51, 53
Cnossen, H., Kastelein, J. & Barendsz, T. (2003). Hygiene: awareness
leads to improvement. New Food , 6(2), 41–44. 29
Cocker, R. (2003). Hygiene in food processing , chap. The regulation of hy-
giene in food processing: an introduction, 5–21. Abington, Cambridge, UK:
Woodhead Publishing Limited. 1, 4
Cocker, R. (2004). Hygienic design and assessment. New Food , 7(1), 8, 10–15.
29
CodexAlimentarius (1993). Code of Hygienic Practice for Aseptically Pro-
cessed and Packaged Low Acid Foods: CAC/RCP 40,1993. Food and Agricul-
ture Organization of the United Nations, World Health Organization, Rome..
2, 56, 59
CodexAlimentarius (2003). Food hygiene. Basic texts 3rd edition. Joint
FAO/WHO Food Standards Programme. Codex Alimentarius Commission,
ISBN 9251051062.. 1
Collard, J., Bertrand, S., Dierick, K., Godard, C., Wildemauwe,
C., Vermeersch, K., Duculot, J., Van Immerseel, F., Pasmans, F.,
Imberechts, H. & Quinet, C. (2007). Drastic decrease of salmonella en-
teritidis isolated from humans in belgium in 2005, shift in phage types and
influence on foodborne outbreaks. Epidemiology and Infection, 136, 771–781.
6
Collins-Thompson, D. & Slade, P. (1991). Foodborne listeriosis (proceed-
ings of a symposium on september 7, 1988 in wiesbaden, frg): Technomic
publishing, 1990. isbn 0- 87762 795 9. Trends in Food Science & Technology ,
2, 134–134. 6
117
REFERENCES
Conter, M., Zanardi, E., Ghidini, S., Pennisi, L., Vergara, A., Cam-
panini, G. & Ianieri, A. (2007). Survey on typology, prps and haccp plan in
dry fermented sausage sector of northern italy. Food Control , 18, 650–655. 74
Cranck, J. & Nicolson, P. (1947). A pratical method for numerical evalua-
tion of solutions of partial differential equations of the heat-conduction type.
Proc. Cambrige Philosophical Society , 43, 50–67. 41
Currie, A., Macdougall, L., Aramini, J., Gaulin, C., Ahmed, R. &
Isaacs, S. (2005). Frozen chicken nuggets and strips and eggs are leading
risk factors for salmonella heidelberg infections in canada. Epidemiology and
Infection, 133, 809–816. 6
Davies, A.R., Capell, C., Jehanno, D., Nychas, G.J.E. & Kirby, R.M.
(2001). Incidence of foodborne pathogens on european fish. Food Control , 12,
67–71. 73
Dawson, D. (2005). Foodborne protozoan parasites. International Journal of
Food Microbiology , 103, 207–227. 6
Dickerson, R. (1965). An apparatus for the measurement of thermal diffusivity
of foods. Food Technology , 19(5), 198–202. 49
Dickerson, R. (1969). Thermal properties of foods, vol. 2. AVI Publishing Com-
pany, Westport. Connecticut, 4th edn. 37
Ditchfield, C., Tadini, C., Singh, R. & Toledo, R. (2006). Velocity and
temperature profiles, heat transfer coefficients and residence time distribution
of a temperature dependent herschel-bulkley fluid in a tubular heat exchanger.
Journal of Food Engineering , 76, 632–638. 36
Doyle, T., Stark, L., Hammond, R. & Hopkins, R. (2008). Outbreaks
of noroviral gastroenteritis in florida, 2006?2007. Epidemiology and Infection,
Forthcoming, 1–9. 6
DuFort, E. & Frankel, S. (1947). Stability conditions in the numerical treat-
ment of parabolic differential equation. Mathematical Tables and Other Aids to
Computation, 7, 135–152. 41
118
REFERENCES
Dunn, J. (2004). Cleaning by design. Food Manufacture, 79(5), 45–46. 29
Durance, T., Jinglie, J. & Joseph, M. (1997). Selection of variable retort
temperature processes for canned salmon. Journal of Food Process Engineering ,
20, 65–76. 54
Edwards, M. (2004). Detecting foreign bodies in food . Woodhead Publishing
Limited, Cambridge UK, iSBN: 0849325463. 23
Ehedg (2001). Hygienic design and safe use of double-seat mixproof valves.
Trends in Food Science & Technology , 12, 203–206. 29
Ehiri, J.E., Morris, G.P. & McEwen, J. (1997). Evaluation of a food hy-
giene training course in scotland. Food Control , 8, 137–147. 29
Ellis, A., Preston, M., Borczyk, A., Miller, B., Stone, P., Hatton,
B., Chagla, A. & Hockin, J. (2000). A community outbreak of salmonella
berta associated with a soft cheese product. Epidemiology and Infection, 120,
29–35. 6
ERG (2004). Good manufacturing practices (gmps) for the 21st century. food
processing. Erickson Research Group, FDA Study . 6, 8, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 28
Espi, E., Eacute, E., De Valk, H., Vaillant, V., Quelquejeu, N.,
Le Querrec, F. & Weill, F.X. (2004). An outbreak of multidrug-resistant
salmonella enterica serotype newport infections linked to the consumption of
imported horse meat in france. Epidemiology and Infection, 133, 373–376. 6
Espi, E., Vaillant, V., Mariani-Kurkdjian, P., Grimont, F., Martin-
Schaller, R., De Valk, H. & Vernozy-Rozand, C. (2005). Escherichia
coli o157 outbreak associated with fresh unpasteurized goats’ cheese. Epidemi-
ology and Infection, 134, 143–146. 6
Ethelberg, S., S?Rensen, G., Kristensen, B., Christensen, K.,
Krusell, L., Hempel-J?Rgensen, A., Perge, A. & Nielsen, E. (2007).
Outbreak with multi-resistant salmonella typhimurium dt104 linked to carpac-
cio, denmark, 2005. Epidemiology and Infection, 135, 900–907. 6
119
REFERENCES
Evans, M.R., Lane, W., Frost, J.A. & Nylen, G. (2000). A campylobacter
outbreak associated with stir-fried food. Epidemiology and Infection, 121, 275–
279. 6
Evans, M.R., Sarvotham, T., Thomas, D.R. & Howard, A.J. (2006).
Domestic and travel-related foodborne gastrointestinal illness in a population
health survey. Epidemiology and Infection, 134, 686–693. 5
Falcone, P., Anese, M., Severini, C. & Massini, R. (1999). Estrapo-
lazione di simulazioni di laboratorio alle condizioni di sterilizzazione termica
per prodotti alimentari confezionati. Industrie Alimentari , 38, 129–135. 48,
52, 53
FDA (1998). Code of Federal Regulation 21. Food and Drugs. Washington, USA:
the Office of the Federal Register National Archives and Records Administra-
tion.. 56
Fearne, A., Hornibrook, S. & Dedman, S. (2001). The management of
perceived risk in the food supply chain: a comparative study of retailer-led
beef quality assurance schemes in germany and italy. The International Food
and Agribusiness Management Review , 4, 19–36. 74
Fell, G., Hamouda, O., Lindner, R., Rehmet, S., Liesegang, A.,
Prager, R., Gericke, B. & Petersen, L. (2000). An outbreak of
salmonella blockley infections following smoked eel consumption in germany.
Epidemiology and Infection, 125, 9–12. 6
Fellows, P. (2000). Food Processing Technology. Principles and Practice.
Abington, Cambridge, UK: Woodhead Publishing Limited. 2
Ferguson, C., Medema, G., Teunis, P., Davison, A. & Deere, D.
(2003). Microbiological health criteria for cryptosporidium. In R.A. Thompson,
A. Armson & U.M. Ryan, eds., Cryptosporidium, 295–301, Elsevier, Amster-
dam. 6
Fitch, D. (1935). A new thermal conductivity apparatus. American Physics
Teacher , 3(3), 135–136. 38
120
REFERENCES
Franciosa, G., Pourshaban, M., Gianfranceschi, M., Gattuso, A.,
Fenicia, L., Ferrini, A., Mannoni, V., De Luca, G. & Aureli, P.
(1999). Clostridium botulinum spores and toxin in mascarpone cheese and other
milk products. Journal of Food Protection, 62(8), 867–871. 73
Francis, G. & O’Beirne, D. (2005). Variation among strains of listeria mono-
cytogenes: differences in survival on packaged vegetables and in response to
heat and acid conditions. Food Control , 16, 687–694. 6
Fretz, R., Svoboda, P., L&Uuml;Thi, T.M., Tanner, M. & Baumgart-
ner, A. (2005). Outbreaks of gastroenteritis due to infections with norovirus
in switzerland, 2001-2003. Epidemiology and Infection, 133, 429–437. 6
Freund, M. (2007). President’s welcome. Trends in Food Science & Technology ,
18, S3–S3. 29
Friedman, D.S., Heisey-Grove, D., Argyros, F., Berl, E., Nsubuga,
J., Stiles, T., Fontana, J., Beard, R.S., Monroe, S., Mcgrath,
M.E., Sutherby, H., Dicker, R.C., Demaria, A. & Matyas, B.T.
(2005). An outbreak of norovirus gastroenteritis associated with wedding cakes.
Epidemiology and Infection, 133, 1057–1063. 6
Garrote, R., Silva, E. & Bertone, R. (2000). Effect of thermal treatment
on steam peeled potatoes. Journal of Food Engineering , 45, 67–76. 38
Gikas, A., Kritsotakis, E., Maraki, S., Roumbelaki, M., Babalis, D.,
Scoulica, E., Panoulis, C., Saloustros, E., Kontopodis, E., Sa-
monis, G. & Tselentis, Y. (2007). A nosocomial, foodborne outbreak of
salmonella enterica serovar enteritidis in a university hospital in greece: the
importance of establishing haccp systems in hospital catering. Journal of Hos-
pital Infection, 66, 194–196. 6
Gillespie, I.A., O’Brien, S.J., Adak, G.K., Cheasty, T. & Willshaw,
G. (2005a). Foodborne general outbreaks of shiga toxin-producing escherichia
coli o157 in england and wales 1992-2002: where are the risks? Epidemiology
and Infection, 133, 803–808. 6
121
REFERENCES
Gillespie, I.A., O’Brien, S.J., Adak, G.K., Ward, L.R. & Smith, H.R.
(2005b). Foodborne general outbreaks of salmonella enteritidis phage type 4
infection, england and wales, 1992-2002: where are the risks? Epidemiology
and Infection, 133, 795–801. 6
Go Yanko, E. (2007). Hygienic engineering of transfer systems for dry partic-
ulate materials. Trends in Food Science & Technology , 18, 626–631. 29
Gottlieb, S., Kretsinger, K., Tarkhashvili, N., Chakvetadze, N.,
Chokheli, M., Chubinidze, M., Michael Hoekstra, R., Jhorjho-
liani, E., Mirtskhulava, M., Moistsrapishvili, M., Sikharulidze,
M., Zardiashvili, T., Imnadze, P. & Sobel, J. (2007). Long-term out-
comes of 217 botulism cases in the republic of georgia. Clinical infectious dis-
eases : an official publication of the Infectious Diseases Society of America,
45(2), 174–180. 9
Gould, G.W. (1999). Sous vide foods: conclusions of an ecff botulinum working
party. Food Control , 10, 47–51. 8
Gounadaki, A.S., Skandamis, P.N., Drosinos, E.H. & Nychas, G.J.E.
(2008). Microbial ecology of food contact surfaces and products of small-scale
facilities producing traditional sausages. Food Microbiology , 25, 313–323. 74
Graham, D.J. (1991a). A mind set. ii. Dairy, Food and Environmental Sanita-
tion, 11(8), 454–455 ; 1 ref. 29
Graham, D.J. (1991b). A mind set. iii. Dairy, Food and Environmental Sanita-
tion, 11(9), 533–534. 29
Graham, D.J. (1991c). A mind set. iv. Dairy, Food and Environmental Sanita-
tion, 11(10), 600–601 ; 2 ref. 29
Gupta, S., Nalluswami, K., Snider, C., Perch, M., Balasegaram, M.,
Burmeister, D., Lockett, J., Sandt, C., Hoekstra, R. & Mont-
gomery, S. (2007). Outbreak of salmonella braenderup infections associated
with roma tomatoes, northeastern united states, 2004: a useful method for
122
REFERENCES
subtyping exposures in field investigations. Epidemiology and Infection, 135,
1165–1173. 6
Hasting, A., Jepson, P., Lalande, M., Lelieveld, H., Mostert, M.,
Nassauer, R., Ringstrom, R. & Davies, S. (1993). Microbilogically safe
continuous sterilization of liquid fluids. Trends in food science and technology ,
4(4), 80–82. 57
Hauser, G. (1999). Hygienic building design. New Food , 2(1), 17–18, 20–23. 29
Hedberg, C.W., Angulo, F.J., White, K.E., Langkop, C.W., Schell,
W.L., Stobierski, M.G., Schuchat, A., Besser, J.M., Dietrich, S.,
Helsel, L., Griffin, P.M., Mcfarland, J.W., Osterholm, M.T. &
The Investigation Team, N. (2000). Outbreaks of salmonellosis associated
with eating uncooked tomatoes: implications for public health. Epidemiology
and Infection, 122, 385–393. 6
Heide, O. (2007). Hygienic design solutions for food conveyor belts. Trends in
Food Science & Technology , 18(Suppl. 1), EHEDG Yearbook 2007, S89–S92.
29
Hess, I., Neville, L., Mccarthy, R., Shadbolt, C. & Mcanulty, J.
(2007). A salmonella typhimurium 197 outbreak linked to the consumption of
lambs’ liver in sydney, nsw. Epidemiology and Infection, 136, 461–467. 6
Hielm, S., Tuominen, P., Aarnisalo, K., Raaska, L. & Maijala, R.
(2006). Attitudes towards own-checking and haccp plans among finnish food
industry employees. Food Control , 17, 402–407. 74
Holah, J. (????). Food processing equipment design and cleanability. flair-flow
europe technical manual f-fe 377a/00. 5
Holah, J. (2003). Designing a hygienic food factory. New Food , 6(4), 9–10,
12–13 ; 3 ref. 30
Houben, J.H. (2005). A survey of dry-salted natural casings for the presence
of salmonella spp., listeria monocytogenes and sulphite-reducing clostridium
spores. Food Microbiology , 22, 221–225. 73
123
REFERENCES
Huang, L. (2007). Computer simulation of heat transfer during in-package pas-
teurization of beef frankfurters by hot water immersion. Journal of Food Engi-
neering , 80, 839–849. 39
Hyyti, E., Hielm, S., Mokkila, M., Kinnunen, A. & Korkeala, H.
(1999). Predicted and observed growth and toxigenesis by clostridium bo-
tulinum type e in vacuum-packaged fishery product challenge tests. Interna-
tional Journal of Food Microbiology , 47, 161–169. 8
Inc., O.E. (1995). The Temperature Handbook. Vol. 29 . Stamford, CT. 49
ISS (2008). Istituto superiore di sanita. salmonella.
http://www.epicentro.iss.it/problemi/salmonella/salmonella.asp. 6
Ito, K. & Stevenson, K. (1984). Sterilization of packaging materials using
aseptic systems. , : . Food Technology , 38 (3), 60–62. 66
Ito, K., Denny, C., Brown, C., Yao, M. & Seeger, M. (1973). Resistance
of bacterial spores to hydrogen peroxide. Food Technology , 27 (11), 58–66. 69,
70
Jackson, V., Blair, I., McDowell, D., Kennedy, J. & Bolton, D.
(2007). The incidence of significant foodborne pathogens in domestic refriger-
ators. Food Control , 18, 346–351. 5
Jacxsens, L., Devlieghere, F. & Debevere, J. (2002). Temperature de-
pendence of shelf-life as affected by microbial proliferation and sensory quality
of equilibrium modified atmosphere packaged fresh produce. Postharvest Biol-
ogy and Technology , 26, 59–73. 8
Jensen, B.B.B. (2007). Training - a prerequisite in hygienic food processing.
Trends in Food Science & Technology , 18(Suppl. 1), EHEDG Yearbook 2007,
S101–S106. 29
Jevsnik, M., Hoyer, S. & Raspor, P. (2008). Food safety knowledge and
practices among pregnant and non-pregnant women in slovenia. Food Control ,
19, 526–534. 74
124
REFERENCES
Jin, S., Zhou, J. & Ye, J. (2008). Adoption of haccp system in the chinese
food industry: A comparative analysis. Food Control , 19, 823–828. 74
Kalluri, P., Crowe, C., Reller, M., Gaul, L., Hayslett, J., Barth,
S., Eliasberg, S., Ferreira, J., Holt, K., Bengston, S., Hendricks,
K. & Sobel, J. (2003). An outbreak of foodborne botulism associated with
food sold at a salvage store in texas. Clinical infectious diseases : an official
publication of the Infectious Diseases Society of America, 37(11), 1490–1495.
9
Kelly, S., Foley, B., Dunford, L., Coughlan, S., Tuite, G., Duffy,
M., Mitchell, S., Smyth, B., O’Neill, H., Mckeown, P., Hall, W.
& Lynch, M. (2008). Establishment of a national database to link epidemio-
logical and molecular data from norovirus outbreaks in ireland. Epidemiology
and Infection, 136, 1472–1479. 6
Kimura, A.C., Palumbo, M.S., Meyers, H., Abbott, S., Rodriguez,
R. & Werner, S.B. (2005). A multi-state outbreak of salmonella serotype
thompson infection from commercially distributed bread contaminated by an
ill food handler. Epidemiology and Infection, 133, 823–828. 6
Kirk, M.D., Little, C.L., Lem, M., Fyfe, M., Genobile, D., Tan, A.,
Threlfall, J., Paccagnella, A., Lightfoot, D., Lyi, H., Mcintyre,
L., Ward, L., Brown, D.J., Surnam, S. & Fisher, I.S.T. (2004). An
outbreak due to peanuts in their shell caused by salmonella enterica serotypes
stanley and newport; sharing molecular information to solve international out-
breaks. Epidemiology and Infection, 132, 571–577. 6
Koenig, M.G., Drutz, D.J., Mushlin, A.I., Schaffner, W. & Rogers,
D.E. (1967). Type b botulism in man. The American Journal of Medicine, 42,
208–219. 9
Kokubo, M., Inoue, T. & Akers, J. (1998). Resistance of common environ-
mental spores of the genus bacillus to vapor hydrogen peroxide. ;:. J. Pharm.
Sci. Technol., 52, 228–231. 71
125
REFERENCES
Kolodziejska, I., Niecikowska, C., Januszewska, E. & Sikorski, Z.E.
(2002). The microbial and sensory quality of mackerel hot smoked in mild
conditions. Lebensmittel-Wissenschaft und-Technologie, 35, 87–92. 73
Kongsaengdao, S., Samintarapanya, K., Rusmeechan, S., Wongsa,
A., Pothirat, C., Permpikul, C., Pongpakdee, S., Puavilai, W.,
Kateruttanakul, P., Phengtham, U., Panjapornpon, K., Janma,
J., Piyavechviratana, K., Sithinamsuwan, P., Deesomchok, A.,
Tongyoo, S., Vilaichone, W., Boonyapisit, K., Mayotarn, S., Piya-
Isragul, B., Rattanaphon, A., Intalapaporn, P., Dusitanond, P.,
Harnsomburana, P., Laowittawas, W., Chairangsaris, P., Suwan-
tamee, J., Wongmek, W., Ratanarat, R., Poompichate, A., Pa-
nyadilok, H., Sutcharitchan, N., Chuesuwan, A., Oranrigsupau,
P., Sutthapas, C., Tanprawate, S., Lorsuwansiri, J. & Phattana,
N. (2006). An outbreak of botulism in thailand: clinical manifestations and
management of severe respiratory failure. Clinical infectious diseases : an of-
ficial publication of the Infectious Diseases Society of America, 43(10), 1247–
1256. 9
Koopmans, M. & Duizer, E. (2004). Foodborne viruses: an emerging problem.
International Journal of Food Microbiology , 90, 23–41. 6
Kovats, R.S., Edwards, S.J., Hajat, S., Armstrong, B.G., Ebi, K.L.,
Menne, B. & Null, N. (2004). The effect of temperature on food poisoning:
a time-series analysis of salmonellosis in ten european countries. Epidemiology
and Infection, 132, 443–453. 8
Kravets, R. (1988). Determination of thermal conductivity of food materials .
Ph.D. thesis, Virginia Tech. 38
Kubasek, M., Houska, M., Landfeld, A., Strohalm, J., Kamarad, J.
& Zitny, R. (2006). Thermal diffusivity estimation of the olive oil during its
high-pressure treatment. Journal of Food Engineering , 74, 286–291. 39
Kuhn, C., Huen, E. & Huen, J. (2004). Tendencies 2004. Lebensmitteltechnik ,
36(6), 46–47 ; 1 ref. 74
126
REFERENCES
Kumbhar, B., Agarwal, R. & Das, K. (1981). Thermal properties of fresh
and frozen fish. International journal of refrigeration, 4(3), 143–146. 38
Kurozawa, L., El-Aouar, A., Simoes, M., Azoubel, P. & Murr, F.
(2005). Determination of thermal conductivity and thermal diffusivity of pa-
paya (carica papaya l.) as a function of temperature. In 4th Mercosur Congress
on Process Systems Engineering , Rio de Janeiro. 38
Laasonen, P. (1949). u¨ber eine methode zur lo¨sung der w¨armeleitungsgleichung.
Acta Math, 81, 309–317. 41
Larkin, J. & Steffe, J. (1983). Error analysis in estimating thermal diffusivity
form heat penetration data. Journal of Food Process Engineering , 6, 135–158.
49
Leaper, S. (1984). Comparison of the resistance to hydrogen peroxide of wet
and dry spores of bacillus subtilis sa22. International Journal of Food Science
& Technology , 19 (6), 695 – 702. 69
Lelieveld, H. (1991). European hygienic equipment design group (ehedg). Food
Control , 2, 53–53. 29
Lelieveld, H., Hugelshofer, W., Jepson, P., Lalande, M., Mostert,
M., Nassauer, J. & Ringstrom, R. (1992). Microbilogically safe continu-
ous pasteurization of liquid fluids. Trends in food science and technology , 3(11),
303–307. 29, 57, 61
Lelieveld, H.L.M. (1994). Haccp and hygienic design. Food Control , 5(3),
140–144 ; 7 ref. 29
Lelieveld, H.L.M. (2001). The ehedg certification scheme. New Food , 4(3),
29–30, 32 ; 1 ref. 29
Lentz, C. (1961). Thermal conductivity of meats, fats, gelatin gels, and ice.
Food Technology , 15, 243–247. 37
127
REFERENCES
Liming, S.H. & Bhagwat, A.A. (2004). Application of a molecular beacon–
real-time pcr technology to detect salmonella species contaminating fruits and
vegetables. International Journal of Food Microbiology , 95, 177–187. 6
Lindstrm, M., Kiviniemi, K. & Korkeala, H. (2006). Hazard and control
of group ii (non-proteolytic) clostridium botulinum in modern food processing.
International Journal of Food Microbiology , 108, 92–104. 8
Lo Fo Wong, D.M.A., Hald, T., van der Wolf, P.J. & Swanenburg,
M. (2002). Epidemiology and control measures for salmonella in pigs and pork.
Livestock Production Science, 76, 215–222. 6
Lorenzen, K. (1999). Mix-proof valves, a guideline for hygienic design. New
Food , 2(2), 56–58. 29
Lorenzen, K. (2003). Seals for safety. New Food , 6(3), 46–48 ; 1 ref. 29
Lund, B.M. (1990). Foodborne disease due to bacillus and clostridium species.
The Lancet , 336, 982–986. 6
MacDonald, D.M., Fyfe, M., Paccagnella, A., Trinidad, A., Louie,
K. & Patrick, D. (2004). Escherichia coli o157:h7 outbreak linked to salami,
british columbia, canada, 1999. Epidemiology and Infection, 132, 283–289. 6
Mager, K. (2002). General hygienic design criteria for the safe processing of dry
particulate materials. New Food , 5(1), 22, 24, 26–27 ; 5 ref. 29
Maller, R. (2007). Passivation of stainless steel. Trends in Food Science &
Technology , 18, S112–S115. 29
Mariani, V., de Lima, A. & Coelho, L. (2008). Apparent thermal diffusivity
estimation of the banana during drying using inverse method. Journal of Food
Engineering , 85, 569–579. 39
Markowski, M., Bialobrzewski, I., Cierach, M. & Paulo, A. (2004).
Determination of the thermal diffusivity of lyoner type sausages during water
bath cooking and cooling. Journal of Food Engineering , 65, 591–598. 38, 39
128
REFERENCES
Martens, T. (1980). Mathematical model of heat processing in flat containers.
Ph.D. thesis, Katholeike University of Leuven. 37
Masters, K. & Masters, S.G. (2006). Hygienic design requirements for spray
drying operations. Drying Technology , 24(6), 685–693 ; 11 ref. 29
Matsui, T., Suzuki, S., Takahashi, H., Ohyama, T., Kobayashi, J.,
Izumiya, H., Watanabe, H., Kasuga, F., Kijima, H., Shibata, K. &
Okabe, N. (2004). Salmonella enteritidis outbreak associated with a school-
lunch dessert: cross-contamination and a long incubation period, japan, 2001.
Epidemiology and Infection, 132, 873–879. 6
McDonnell, G., Grignol, G. & Antloga, K. (2002). Vapour phase hy-
drogen peroxide decontamination of food contact surfaces. )) , . Dairy Food
Environ. Sanit., 22, 868 873. 70
Mead, P.S., Dunne, E.F., Graves, L., Wiedmann, M., Patrick, M.,
Hunter, S., Salehi, E., Mostashari, F., Craig, A., Mshar, P., Ban-
nerman, T., Sauders, B.D., Hayes, P., Dewitt, W., Sparling, P.,
Griffin, P., Morse, D., Slutsker, L. & Swaminathan, B. (2005). Na-
tionwide outbreak of listeriosis due to contaminated meat. Epidemiology and
Infection, 134, 744–751. 6
Mitchell, A. & Pearce, R. (1963). Explicit difference methods for solving the
cylindrical heat conduction equation. Mathematics of Computation, 17(84),
426–432. 42
MMWR (1993). Outbreaks of salmonella enteritidis gastroenteritis california.
Morbidity and Mortality Weekly Report , 42(41), 793–797. 6, 7
Moens, E. (2002). The prevention and control of legionella spp. (including le-
gionnaires’ disease) in food factories. Trends in Food Science & Technology ,
13, 380–384. 29
Moens, E. (2007). Integration of hygienic and aseptic systems. Trends in Food
Science & Technology , 18, 48–58. 29
129
REFERENCES
Moens-Go Yanko, D.G. (2003). Design of mechanical seals for hygienic and
aseptic applications. Trends in Food Science & Technology , 14, 478–481. 29
Moens-Go-Yanko, E. (2004). A new platform for training. New Food , 7(4),
44–45. 29
Mohamed, I. (2003). Computer simulation of food sterilization using alternating
direction implicit finite difference method. Journal of Food Engineering , 60,
301–306. 38, 39
Mostert, M., Buteux, G., Harvey, P., Hugelshofer, W., Mellbin,
P., Nassauer, J., Reinecke, G., Weber, W. & Wilke, B. (1993). Mi-
crobiologically safe aseptic packing of food products. Trends in Food Science
& Technology , 4, 21–25. 29, 30
Munnoch, S., Ward, K., Sheridan, S., Fitzsimmons, G., Shadbolt,
C., Piispanen, J., Wang, Q., Ward, T., Worgan, T., Oxenford, C.,
Musto, J., Mcanulty, J. & Durrheim, D. (2008). A multi-state outbreak
of salmonella saintpaul in australia associated with cantaloupe consumption.
Epidemiology and Infection, Forthcoming, 1–8. 6
Murray, A. (2006). Iso 14159 - what the ... is it? Food Review , 33(7), 43–45.
5
Nadeau, P., Berk, D. & Munz, R.J. (1996). Measurement of residence time
distribution by laser absorption spectroscopy. Chemical Engineering Science,
51, 2607–2612. 36
Nagasaka, Y. & Nagashima, A. (1981). Simultaneous measurement of the
thermal conductivity and the thermal diffusivity of liquids by the transient
hot-wire method. Review of Scientific Instruments , 52(2), 229–232. 38
Nguz, K., Shindano, J., Samapundo, S. & Huyghebaert, A. (2005).
Microbiological evaluation of fresh-cut organic vegetables produced in zambia.
Food Control , 16, 623–628. 73
130
REFERENCES
Nix, G., Lowery, G., Vachon, R. & Tanger, G. (1967). Direct determina-
tion of thermal diffusivity and conductivity with a refined line-source technique.
Progress in Aeronautics and Astronautics, 20, 865–878. 38
Nrrung, B., Andersen, J.K. & Schlundt, J. (1999). Incidence and control
of listeria monocytogenes in foods in denmark. International Journal of Food
Microbiology , 53, 195–203. 73
Okamura, M., Kikuchi, S., Suzuki, A., Tachizaki, H., Takehara, K.
& Nakamura, M. (2007). Effect of fixed or changing temperatures during
prolonged storage on the growth of salmonella enterica serovar enteritidis inoc-
ulated artificially into shell eggs. Epidemiology and Infection, 136, 1210–1216.
8
Okutani, A., Okada, Y., Yamamoto, S. & Igimi, S. (2004). Nationwide
survey of human listeria monocytogenes infection in japan. Epidemiology and
Infection, 132, 769–772. 6
O’Mahony, M., Mitchell, E., Gilbert, R., Hutchinson, D., Begg, N.,
Rodhouse, J. & Morris, J. (1990). An outbreak of foodborne botulism
associated with contaminated hazelnut yoghurt. Epidemiology and Infection,
104(3), 389–395. 9
Oosterom, J. (1998). The importance of hygiene in modern society. Interna-
tional Biodeterioration & Biodegradation, 41, 185–189. 5
Orinda, C. (2002). Processing guide for fish processing plants in kenya. Tech.
rep., Kenya Marine & Fisheries Research Institute. xi, 27, 29, 30
Pakalniskiene, J., Falkenhorst, G., Lisby, M., Madsen, S., Olsen,
K., Nielsen, E., Mygh, A., Boel, J. & Mlbak, K. (2008). A foodborne
outbreak of enterotoxigenic e. coli and salmonella anatum infection after a
high-school dinner in denmark, november 2006. Epidemiology and Infection,
Forthcoming, 1–6. 6
131
REFERENCES
Pebody, R.G., Leino, T., Ruutu, P., Kinnunen, L., Davidkin, I., No-
hynek, H. & Leinikki, P. (2000). Foodborne outbreaks of hepatitis a in a
low endemic country: an emerging problem? Epidemiology and Infection, 120,
55–59. 6
Peck, M.W. (1997). Clostridium botulinum and the safety of refrigerated pro-
cessed foods of extended durability. Trends in Food Science & Technology , 8,
186–192. 8
Peck, M.W. & Stringer, S.C. (2005). The safety of pasteurised in-pack
chilled meat products with respect to the foodborne botulism hazard. Meat
Science, 70, 461–475. 8
Pontello, M., Sodano, L., Nastasi, A., Mammina, C., Astuti, M.,
Domenichini, M., Belluzzi, G., Soccini, E., Silvestri, M.G., Gatti,
M., Gerosa, E. & Montagna, A. (2000). A community-based outbreak of
salmonella enterica serotype typhimurium associated with salami consumption
in northern italy. Epidemiology and Infection, 120, 209–214. 6
Pourshafie, M., Saifie, M., Shafiee, A., Vahdani, P., Aslani, M. &
Salemian, J. (1998). An outbreak of food-borne botulism associated with
contaminated locally made cheese in iran. Scandinavian Journal Infectious De-
seases , 31(1), 92–94. 9
Ragaert, P., Verbeke, W., Devlieghere, F. & Debevere, J. (2004).
Consumer perception and choice of minimally processed vegetables and pack-
aged fruits. Food Quality and Preference, 15, 259–270. 74
Rahman, M. & Potluri, P. (1991). Thermal conductivity of fresh and dried
squid meat by line source thermal conductivity probe. Journal of Food Science,
56(2), 582–583. 38
Ramaswamy, H.S., Abdelrahim, K.A., Simpson, B.K. & Smith, J.P.
(1995). Residence time distribution (rtd) in aseptic processing of particulate
foods: a review. Food Research International , 28, 291–310. 36
132
REFERENCES
Reidmiller, J., Baldeck, J., Rutherford, G. & Marquis, R. (2003).
Characterization of uv-peroxide killing of bacterial spores. journal of food pro-
tection, 66 (7) july 2003:1233-1240. characterization of uv-peroxide killing of
bacterial spores. Journal of Food Protection, 66 (7), 1233–1240. 70
Reidy, G. & Rippen, A. (1971). Methods for determining thermal conductiviy
in foods. Transactions of the ASAE , 15(2), 248–251. 37
Richardson, L. (1910). The approximate arithmetical solution by finite differ-
ences of physical problems involving differential equations, with an application
to the stresses in a masonry dam. Philosophycal Transactions of the Royal
Society, ser. A, 210, 307–357. 41
Richtmyer, R. & Morton, K. (1997). Difference methods for initial-value
problems, 2d ed.. Interscience Publisher, Wiley, New York. 41
Rinaldi, M. (2005). Thermal diffusivity in foods: experimental estimation and
its use in conductive heat exchange simulation. Ph.D. thesis, Universita´ degli
Studi di Parma. 48, 52, 53
Roels, T.H., Frazak, P.A., Kazmierczak, J.J., Mackenzie, W.R.,
Proctor, M.E., Kurzynski, T.A. & Davis, J.P. (2000a). Incomplete
sanitation of a meat grinder and ingestion of raw ground beef: contributing
factors to a large outbreak of salmonella typhimurium infection. Epidemiology
and Infection, 119, 127–134. 6
Roels, T.H., Wickus, B., Bostrom, H.H., Kazmierczak, J.J., Nichol-
son, M.A., Kurzynski, T.A. & Davis, J.P. (2000b). A foodborne outbreak
of campylobacter jejuni (o[ratio]33) infection associated with tuna salad: a rare
strain in an unusual vehicle. Epidemiology and Infection, 121, 281–287. 6
Rohr, A., Luddecke, K., Drusch, S., Muller, M. & Alvensleben,
R. (2005). Food quality and safety–consumer perception and public health
concern. Food Control , 16, 649–655. 11, 74
133
REFERENCES
Russell, N.J. (2002). Bacterial membranes: the effects of chill storage and food
processing. an overview. International Journal of Food Microbiology , 79, 27–34.
8
Rybka-Rodgers, S. (2001). Improvement of food safety design of cook-chill
foods. Food Research International , 34, 449–455. 10
Sala, M., Arias, C., Dominguez, A., Bartolom, R. & Muntada, J.
(2008). Foodborne outbreak of gastroenteritis due to norovirus and vibrio para-
haemolyticus. Epidemiology and Infection, Forthcoming, 1–4. 6
Sandeep, K., Zuritz, C. & Puri, V. (1999). Determination of lethality dur-
ing aseptic processing of particulate foods. Food and Bioproducts Processing ,
77(1), 11–17. 2
Scott, B.S., Wilcock, A.E. & Kanetkar, V. (2009). A survey of structured
continuous improvement programs in the canadian food sector. Food Control ,
20, 209–217. 74
Seward, S. (2007). Sanitary design of ready-to-eat meat and poultry processing
equipment and facilities. Trends in Food Science & Technology , 18(Suppl. 1),
EHEDG Yearbook 2007, S108–S111. 29
Shapiro, R., Hatheway, C. & Swerdlow, D. (1998). Botulism in the united
states: a clinical and epidemiological review. Annals of Internal Medicine, 129,
221–228. 8, 9
Singh, R. (1992). Heating and cooling processes for foods, chap. 5. Marcel
Dekker, New York. 37
Siriken, B., Ozdemir, M., Yavuz, H. & Pamuk, S. (2006). The microbio-
logical quality and residual nitrate/nitrite levels in turkish sausage (soudjouck)
produced in afyon province, turkey. Food Control , 17, 923–928. 73
Skovgaard, N. (1990). The need for continuous training in food factories. In-
ternational Journal of Food Microbiology , 11, 119–125. 29
134
REFERENCES
Smith, A. (2005). Detecting foreign bodies in foodedited by m. edwards, wood-
head publishing limited, cambridge, england. isbn 1 85573729 9. Trends in Food
Science & Technology , 16, 359–359. 23
Smith DeWaal, C. (2003). Safe food from a consumer perspective. Food Con-
trol , 14, 75–79. 74
Sobel, J., Tucker, N., Sulka, A., McLaughlin, J. & Maslanka, S.
(2004). Foodborne botulism in the united states, 1990-2000. Emerging Infec-
tious deseases , 10(9), 1606–1611. 9
Soboleva, T.K., Filippov, A.E., Pleasants, A.B., Jones, R.J. &
Dykes, G.A. (2001). Stochastic modelling of the growth of a microbial pop-
ulation under changing temperature regimes. International Journal of Food
Microbiology , 64, 317–323. 10
Stevenson, K. & Chandarana, D. (1999). Wiley Encyclopedia of Food Sci-
ence and Technology (2nd Edition), chap. Aseptic processing and packaging
systems, 122–127. NewYork, USA , John Wiley & Sons, Inc. 3
Stouzby, J.C., Roberts, T., Jordan Lin, C. & MacDonald, J.M. (1996).
Bacterial foodborne disease: Medical costs and productivity losses. Agricultural
Economics Report , No. 741. 1, 27
Sweat, V. (1986). Thermal Properties of Foods . Marcel Dekker, New York. 38
Sweat, V. & Haugh, C. (1974). A thermal conductivity probe for small food
samples. Transaction of ASAE , 17(1), 56. 38
Tannehill, J., Anderson, D. & Pletcher, R. (1997). Computational fluid
mechanics and heat transfer . Taylor & Francis, Washington. 41
Toledo, R., Escher, F. & Ayres, J. (1973). Sporicidal properties of hydro-
gen peroxide against food spoilage organisms. Appl. Microbiol., 26, 592–597.
69, 70
135
REFERENCES
Torres, A.P. & Oliveira, F.A.R. (1998). Residence time distribution studies
in continuous thermal processing of liquid foods: a review. Journal of Food
Engineering , 36, 1–30. 36
Torres, A.P., Oliveira, F.A.R. & Fortuna, S.P. (1998). Residence time
distribution of liquids in a continuous tubular thermal processing system part
i: Relating rtd to processing conditions. Journal of Food Engineering , 35, 147–
163. 36
Tournas, V. (2005). Moulds and yeasts in fresh and minimally processed veg-
etables, and sprouts. International Journal of Food Microbiology , 99, 71–77.
73
Townes, J., Cieslak, P., Hatheway, H., C.L. Solomon, Holloway,
J., Baker, M., C.F., K., McCroskey, L. & Griffin, P. (1996). An
outbreak of type a botulism associated with a commercial cheese sauce. Annals
of Internal Medicine, 125(7), 558–563. 9
Tseng, C.K., Tsai, C.H., Tseng, C.H., Tseng, Y.C., Lee, F.Y. &
Huang, W.S. (????). An outbreak of foodborne botulism in taiwan. Inter-
national Journal of Hygiene and Environmental Health, In Press, Corrected
Proof, –. 9
Valvano, J., Cochran, J. & Diller, K. (1985). Thermal conductivity and
diffusivity of biomaterials measured with self-heated thermistors. International
Journal of Thermophysics , 6, 301–311. 38
van Gelder, M. & Diehl, K. (1996). A thermistor based method for mea-
suring thermal conductivity and thermal diffusivity of moist materials at high
temperatures. Thermal conductivity . Academic Press, London. 38
Varma, J., Katsitadze, G., Moiscrafishvili, M., Zardiashvili, T.,
Chikheli, M., Tarkashvili, N., Jhorjholiani, E., Chubinidze, M.,
Kukhalashvili, T., Khmaladze, I., Chakvetadze, N., Imnadze, P.
& Sobel, J. (2004). Foodborne botulism in the republic of georgia. Emerging
Infectious deseases , 10(9), 1601–1605. 9
136
REFERENCES
VDMA (2003). Verband deutscher maschinenund anlagenbau e.v. (german engi-
neering federation). food processing machinery and packaging machinery. doc-
ument no. 8 (english edition: March 2004) code of practice. testing aseptic
plants: Sterilizing the sterile zone in machine interior. 69
VDMA (2006). Verband deutscher maschinenund anlagenbau e.v. (german engi-
neering federation). food processing machinery and packaging machinery. doc-
ument no. 14 (english revised edition: July 2007) code of practice. testing
hygienic filling machines of vdma class v (aseptic filling machines). external
sterilization of packaging materials. 69
Violaris, Y., Bridges, O. & Bridges, J. (2008). Small businesses - big
risks: Current status and future direction of haccp in cyprus. Food Control ,
19, 439–448. 74
Vitas, A.I. & Garcia-Jalon, V.A.e.I. (2004). Occurrence of listeria monocy-
togenes in fresh and processed foods in navarra (spain). International Journal
of Food Microbiology , 90, 349–356. 73
Wallapapan, K., Sweat, V., Diehl, K. & Engler, C. (1983). Thermal
properties of porous foods. ASAE Paper No. 83-6515 . 37
Wang, Z., Mao, Y. & Gale, F. (2008). Chinese consumer demand for food
safety attributes in milk products. Food Policy , 33, 27–36. 74
Ward, B., Andrews, R., Gregory, J. & Lightfoot, D. (2002). The use
of sequential studies in a salmonellosis outbreak linked to continental custard
cakes. Epidemiology and Infection, 129, 287–293. 6
Willocx, F., Hendrick, M. & Tobback, P. (1994). A preliminary survey
into the temperature conditions and residence time distribution of minimally
processed map vegetables in belgian retail display cabinets. International Jour-
nal of Refrigeration, 17, 436–444. 10
Worsfold, D. & Griffith, C. (1995). A generic model for evaluating con-
sumer food safety behaviour. Food Control , 6, 357–363. 74
137
REFERENCES
Yanko, E.M.G. (2006). Hygienic engineering of fluid bed and spray dryer plants.
Trends in Food Science & Technology , 17, 621–625. 29
Zhang, G.T., Wannenmacher, N., Haidert, A. & Levenspiel, O. (1990).
How to narrow the residence time distribution of fluids in laminar flow in pipes.
The Chemical Engineering Journal , 45, 43–48. 36
Zhang, J., Farkas, B. & Hale, S. (2002). Precooking and cooling of skipjack
tuna (katsuwonas pelamis): a numerical simulation. Lebensmittel-Wissenchaft
und Technologie, 35, 607–616. 39
Zorrilla, S. & Singh, R. (2003). Heat transfer in double-sided cooking of meat
patties considering two-dimensional geometry and radial shrinkage. Journal of
Food Engineering , 57, 57–65. 39
138
